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Summary 
The	EU	Marine	Strategy	Framework	Directive	(MSFD)	requires	the	Member	States	to	
draw	up	a	strategy	for	their	marine	waters	to	achieve	a	good	environmental	status	
(GES)	by	2020	and	to	take	the	necessary	measures	to	actually	achieve	or	maintain	the	
good	status.	Under	article	13.4	of	the	MSFD	Member	States	are	required	to	include	
spatial	protection	targets	in	their	programmes	of	measures,	contributing	to	coherent	
and	representative	networks	of	marine	protected	areas.	In	the	‘Marine	Strategy	for	the	
Netherlands	part	of	the	North	Sea	2012‐2020’	(the	Dutch	Marine	Strategy),	the	Frisian	
Front	and	Central	Oyster	Grounds	are	considered	search	areas	for	spatial	measures	
aiming	at	the	protection	of	benthos	in	addition	to	sea	bed	protection	in	Natura	2000	
areas	on	the	Dutch	part	of	the	North	Sea.	These	spatial	measures	are	considered	
essential,	in	order	to	achieve	the	GES	and	the	spatial	protection	targets	of	the	MSFD.	
To	this	end	the	Netherlands	have	drafted	a	proposal	for	fisheries	measures	(latest	draft	
version	joint	recommendation	is	of	13	July	2017,	attachment	2),	which	the	Dutch	
government	intends	to	submit	to	the	European	Commission	as	a	joint	recommendation	
under	articles	11	and	18	of	Regulation	(EU)	1380/2013	of	the	Common	Fisheries	Policy.		
According	to	the	proposal,	the	realisation	of	the	conservation	objectives	of	the	habitat	
should	result	from	the	following	measures:	
 A	zoning	system	consisting	of	three	management	zones	(see	Annex	I	to	the	Joint	
recommendation	for	the	coordinates,	and	Background	Document,	p.	5	for	a	
map).	The	three	management	zones	cover	approx.	31,5%	of	the	search	areas	of	
the	Frisian	front	and	Central	Oyster	Grounds.	 
 Closure	of	the	management	zones	to	mobile	bottom‐contacting	gear	types	beam	
trawl,	bottom	otter	board	trawl,	dredges	and	demersal	seines	(Scottish	seines	‐	
also	called	fly‐shoot	‐	and	Danish	anchor	seines).	
In	this	literature	review,	carried	out	by	ZiltWater	Studies,	Kroes	Consultancy	and	NIOZ,	
the	impact	of	the	aforementioned	demersal	fishing	gear	types	on	the	habitats	of	the	
Frisian	Front	and	the	Central	Oyster	Grounds	and	their	conservation	objectives	is	
reviewed	and	briefly	summarized	in	relation	to	the	statements	made	in	the	draft	
background	document..		
For	the	MSFD‐areas	Frisian	Front	and	Central	Oyster	Grounds,	the	main	question	that	
the	commissioning	party,	WWF	Netherlands,	would	like	to	have	answered	is:		
ToR	–	Main	question	1		
Can	it	be	concluded	with	certainty,	leaving	no	reasonable	scientific	doubt,	that	in	
case	mobile	bottom	contacting	fishing	gears	would	be	allowed	in	the	management	
zones	of	these	areas,	the	delivery	of	the	conservation	objectives,	as	defined	in	the	
Dutch	Marine	Strategy,	the	Marine	Strategy	Framework	Directive,	and	in	
compliance	with	the	criteria	of	the	Commission	Decision	(EU)	2017/848,	will	not	be	
compromised?	
ToR	–	Main	question	2	
Can	it	be	concluded	with	certainty,	leaving	no	reasonable	scientific	doubt,	that	
allowing	bottom‐impacting	fisheries	in	the	remaining	area	outside	the	management	
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zones,	would	not	jeopardize	the	delivery	of	the	conservation	objectives	of	these	
sites	as	defined	in	the	Dutch	Marine	Strategy,	the	Marine	Strategy	Framework	
Directive,	and	in	compliance	with	the	criteria	of	the	EU	Commission	Decision	(EU)	
2017/848?	
With	the	outcome	of	the	research,	WWF	Netherlands	wants	to		anticipate	the	potential		
degradation	of	the	current	proposal	if	the	use	of	certain	bottom	impacting	fisheries	are	
being	permitted	into	the	management	zones	on	basis	of	the	draft	background	document.	
The	results	of	this	study	can	be	used	as	a	second	opinion	on	the	draft	Background	
Document	to	the	Joint	Recommendation	for	offshore	fisheries	management	on	the	
Natura	2000‐sites	Frisian	Front	and	Central	Oyster	Grounds	(BD,	DRAFT	version	
December	1,	2017;	in	preparation).	
Regarding	the	first	question	(ToR	–	Main	question	1)	the	conclusion	of	this	literature	
review	is	that	in	case	that	mobile	bottom	contacting	fishing	gears	would	be	allowed	in	
the	management	zones	of	the	Frisian	Front	and	Central	Oyster	Grounds,	the	delivery	of	
the	conservation	objectives	(especially	the	improvement	of	biodiversity	and	bottom	
integrity)	will	be	negatively	impacted.	This	is	the	case	for	gears	with	a	sub‐surface	
impact,	but	even	more	so	for	gears	with	a	shallow	surface	impact	but	larger	area	
footprint,	since	several	typical	features	of	the	Frisian	Front	and	Central	Oyster	Grounds	
protected	areas	are	the	long‐lived,	filter‐feeding,	infauna,	living	in	the	upper	sediment	
layer	of	the	bottom	substrate.	
	
Regarding	the	second	question	(ToR	–	Main	question	2),	fishing	in	the	areas	outside	the	
management	zones	can	also	jeopardize	the	goals	in	the	Natura	2000	areas	Frisian	Front	
and	Central	Oyster	Grounds.	Bycatch	outside	the	management	zones	in	combination	
with	mobility	of	fauna,	attraction	of	scavengers	and	predators	all	might	have	effects	on	
faunal	densities	and	recovery	inside	the	areas.	Also	resuspension	of	sediments,	caused	
by	fisheries,	will	certainly	affect	"downstream"	areas	with	settling	sedimentary	material.		
On	basis	of	historical	data	it	can	even	be	argued	that	in	the	last	century	the	area	has	
changed	from	a	biotic	oyster	reef	into	a	soft	sediment	habitat.	Therefore	the	observed	
effects	of	permitting	bottom	fishieries	in	the	management	zones	will	also	depend	on	the	
reference	situation	that	one	takes	into	account.	For	the	present	day	soft	sediment	
community,	additional	effects	of	fishing	might	be	small	or	undetectable	due	to	the	long	
history	of	bottom	trawling	in	the	area	and	the	unpredictability	of	recovery.		
The	brief	review	given	is	this	report	shows	that	all	mobile	bottom	contacting	gears	have	
a	negative	impact	on	the	substratum	or	turbidity	and	thus	on	the	vulnerable	in‐	and	
epifauna	and	with	that	on	the	conservation	goals.		Effects	of	seabed	disturbance	by	
bottom	contacting	fishery	were	demonstrated	in	many	studies	and	comprise	increased	
mortality	rates	for	non‐target	species	(Bergman	and	Santbrink,	2000),	increased	
scavenger	abundance	(Groenewold	and	Fonds,	2000),	changed	food	web	structures	
(Groenewold	2000,	Hinz	et	al.	2017),	changed	size	distributions	(Van	Kooten	et	al.	
2015),	and	reduced	abundances	(Duineveld	et	al.,	2007).		
Thus	despite	certain	scientific	uncertainties,	from	all	available	literature	it	is	evident	
that	allowing	bottom	impacting	fishery	in	and	outside	the	management	zones	of	the	
Frisian	Front	or	the	Central	Oyster	Grounds	does	not	contribute	to	the	ecological	
improvement	of	the	sea	bed	ecosystem,	but	rather	has	a	detrimental	effect	on	seafloor	
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integrity	and	thus	impairs	its	ecological	improvement,	which	is	the	objective	of	the	
Marine	Strategy	Framework	Directive.		
To	create	opportunities	for	a	natural	development	of	the	sea	bed	ecosystem	in	these	
areas,	an	impact	reduction	or	exclusion	of	the	bottom	fishery	appears	crucial.	This	said,	
it	should	also	be	acknowledged	that	exclusion	of	mobile	bottom	trawl	activities	alone	
may	not	be	sufficient	for	a	full	recovery	of	the	areas	as	regime	shifts	that	have	occurred	
in	the	past	are	not	easily	reversed.	Furthermore,	recovery	is	also	highly	dependent	on	
climatological	and	hydrological	conditions	that	are	changing.	In	absence	of	bottom	
disturbance	the	bottom	communities	can	at	least	develop	in	a	natural	way	within	the	
prevalent	hydrographical	and	climatological	forcing.		
Therefore,	is	it	likely	that	closure	of	the	current	proposed	management	zones	
insufficiently	provide	the	required	certainty	to	obtain	the	conservation	objectives	for	
Frisian	Front	and	Central	Oyster	Grounds	which	could	be	jeopardized	by	allowing	
abovementioned	types	of	fisheries	within	these	zones.		
Further,	although	the	relevant	cumulative	effects	have	been	included	in	the	BD,	given	
the	developments	e.g.	in	offshore	wind	farms,	the	information	in	the	BD	needs	an	update	
with	the	most	recent	policy	documents	that	exist	for	activities	in	these	areas.		
The	following	recommendations	are	given	as	input	for	the	Draft	Background	Document	
(Anonymous,	2017).		
	
Subject	 Recommendation	
Description	of	typical	
values	and	species	
	
It	should	be	made	clear	in	the	Background	Document	which	species	list	is	
used	to	assess	the	impacts,	and	on	what	criteria	the	list	has	been	
composed.	Supported	by	the	overview	in	Table	3.1,	we	recommend	to	
revise	Table	3	in	the	Background	Document	and	add	a	clear	rationale	for	
the	applied	indicator	selection.		
Available	surveys	 NIOZ	conducted	several	surveys	as	part	of	their	North	Sea	research	
program,	and	it	appears	not	all	of	the	survey	data	have	been	analysed	or	
reported.	It	is	worthwhile	to	investigate	if	more	information	can	be	drawn	
out	of	these	survey‐data.	There	may	be	more	unpublished	data	from	other	
surveys	and	presently	the	"Pulse	"	project	financed	by	the	Ministry	of	EZ	is	
carried	out	which	data	are	not	yet	available	but	highly	relevant	to	the	
subject.		
Status	of	the	Frisian	Front	
and	Central	Dutch	Oyster	
Grounds	
We	recommend	that	the	authorities	update	the	Background	Document	
with		the	current	state	of	the	bottom	ecosystem	of	the	two	areas	as	well	as	
adding	the	ecological	potential	of	these	areas		
Description	of	demersal	
gear	types	and	footprint		
Further	quantification	of	the	footprint	is	only	possible	with	more	detailed	
information	on	the	fishery	intensity	and	the	individual	gear	specifications.	
Such	a	quantification	is	recommended	for	an	impact	assessment.	
Sensitivity	of	typical	
species	to	physical	and	
biological	pressures		
Especially	species	living	in	the	upper	layer	of	the	sediment	are	sensitive	to	
bottom	contacting	gear,	e.g.	all	juvenile	stages	of	benthos	but	also	long‐
lived	adult	bivalves,	Echinoderms	like	Leptosynapta,	Amphiura	filiformis,	or	
shallow	living	filter	feeding	polychaetes	such	as	Sabella	or	Chaetopterus.	In	
order	to	assess	the	real	vulnerability	of	a	species	one	also	needs	to	take	the	
life	stage	in	account		which	is	most	vulnerable	to	bottom	contacting	fishing	
gears.	The	BD‐document	does	not	distinguish	life	stages	of	characteristic	
species	and	is	thus	incomplete	in	this	respect.	
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1 Introduction 
1.1 Background Document Frisian Front and Central Oyster Grounds 
The	EU	Marine	Strategy	Framework	Directive	(MSFD,	Directive	2008/56/EC)	requires	
the	Member	States	to	draw	up	a	strategy	for	their	marine	waters	to	achieve	a	good	
environmental	status	by	2020	and	to	take	the	necessary	measures	to	actually	achieve	or	
maintain	the	good	status.	Under	article	13.4	MSFD	Member	States	are	required	to	
include	spatial	protection	targets	in	their	programmes	of	measures,	contributing	to	
coherent	and	representative	networks	of	marine	protected	areas.	In	the	‘Marine	
Strategy	for	the	Netherlands	part	of	the	North	Sea	2012‐2020’	(the	Dutch	Marine	
Strategy),	the	Frisian	Front	and	Central	Oyster	Grounds	are	considered	search	areas	for	
spatial	measures	aiming	at	the	protection	of	benthos	in	addition	to	the	sea	bed	
protection	in	Natura	2000	areas	on	the	Dutch	part	of	the	North	Sea.	These	spatial	
measures	are	considered	essential,	in	order	to	achieve	the	GES	and	the	spatial	
conservation	targets	of	the	MSFD.	
In	the	Background	Document,	(p.	17;	see	also	the	Dutch	Marine	Strategy)	it	is	stated	that	
“The	conservation	objective	for	Frisian	Front	and	Central	Oyster	Grounds	is	the	
recovery	of	substantial	parts	of	the	sea	bed	ecosystem	from	a	disrupted	state	towards	a	
natural	condition”.		
In	the	Joint	Recommendation	(p.	1)	is	further	mentioned	that	“The	purpose	of	the	
fisheries	management	measures	is	to	reduce	the	pressures	on	the	benthic	habitat	from	
towed	bottom	contacting	fishing	gear	with	a	view	of	ensuring	a	key	contribution	to	the	
achievement	of	conservation	objectives	in	accordance	with	the	Marine	Strategy	
Framework	Directive.”	
To	this	end	the	Netherlands	have	drafted	a	proposal	for	fisheries	measures	(latest	draft	
version	joint	recommendation	of	13	July	2017,	attachment	2),	which	the	Netherlands	
intend	to	submit	to	the	European	Commission	as	a	joint	recommendation	under	articles	
11	and	18	of	Regulation	(EU)	1380/2013)	on	the	Common	Fisheries	Policy.		
According	to	the	proposal,	the	realisation	of	the	conservation	objectives	of	the	habitat	
should	result	from	the	following	measures:	
 A	zoning	system	consisting	of	3	management	zones	(see	Annex	I	to	the	Joint	
recommendation	for	the	coordinates,	and	Background	Document,	p.	5	for	a	
map).	The	3	management	zones	cover	approx.	31,5%	of	the	search	areas	of	the	
Frisian	front	and	Central	Oyster	Grounds.		
 Closure	of	the	management	zones	to	mobile	bottom‐contacting	gear	types	beam	
trawl,	bottom	otter	board	trawl,	dredges	and	demersal	seines	(Scottish	seines	‐	
also	called	fly‐shoot	‐	and	Danish	anchor	seines).	
The	spatial	protection	measures	in	the	Frisian	Front	and	Central	Oyster	Grounds	
contribute	to	attain	a	good	environmental	status	according	to:		
 descriptor	1	(MSFD,	Annex	I):	‘Biological	diversity	is	maintained.	The	quality	and	
occurrence	of	habitats	and	the	distribution	and	abundance	of	species	are	in	line	
with	prevailing	physiographic,	geographic	and	climatic	conditions’;	
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 descriptor	6:	‘Sea‐floor	integrity	is	at	a	level	that	ensures	that	the	structure	and	
functions	of	the	ecosystems	are	safeguarded	and	benthic	ecosystems,	in	
particular,	are	not	adversely	affected.’	(see	also	Background	Document,	p,	16).	
For	these	areas,	14	specific	indicator	species	have	been	selected	(Dutch	Marine	Strategy,	
part	3,	p.	57	and	part	2,	Annex	I),	attached	to	descriptors	1	and	6.	See	for	reference	also	
the	environmental	targets	in	the	Duch	Marine	Strategy	(part	1).	
Furthermore,	the	EU	Commission	has	published	a	Decision	in	2017	((EU)	2017/848)	
providing	a	set	of	indicators	or	criteria	for	assessing	the	condition	and	change	of	the	
benthic	environment.	Specific	criteria	of	this	decision	have	been	taken	up	by	the	
Netherlands	in	the	Background	Document	(p.	36).	
1.2 Aim of the assignment 
Following	the	procedures	laid	out	in	Article	11	of	the	European	Common	Fisheries	
Policy	(CFP),	and	before	submitting	the	Joint	Recommendation	to	the	European	
Commission	for	approval,	the	Netherlands	aim	to	reach	an	agreement	on	the	proposed	
fisheries	management	measures	with	the	member	states	having	a	‘direct	management	
interest’:	Belgium,	France,	Germany,	Sweden,	United	Kingdom	and	Denmark.		
WWF	Netherlands	would	primarily	like	to	have	researched	the	impacts	that	demersal	
seines	have	on	the	habitats	of	the	Frisian	Front	and	the	Central	Oyster	Grounds	and	
their	conservation	objectives.	However,	the	impacts	of	other	bottom	impacting	gears	
(beam	trawl,	bottom	otter	board	trawl	and	dredges)	on	the	conservation	objectives	for	
MSFD‐areas	Frisian	Front	and	Central	Oyster	Grounds	should	be	included	as	well.		
1.3 Research question 
For	the	Frisian	Front	and	the	Central	Oyster	Grounds,	the	main	question	which	
commissioning	party,	WWF	Netherlands,	would	like	to	have	answered	is:		
1. Can	be	concluded	with	certainty,	leaving	no	reasonable	scientific	doubt,	that	in	
case	mobile	bottom	contacting	fishing	gears	would	be	allowed	in	the	
management	zones	of	these	areas,	the	delivery	of	the	conservation	objective,	as	
defined	in	the	Dutch	Marine	Strategy,	the	Marine	Strategy	Framework	Directive,	
and	in	compliance	with	the	criteria	of	the	Commission	Decision	(EU)	2017/848),	
will	not	be	compromised?	
The	findings	in	this	report	also	incorporate	areas	in	the	Frisian	Front	and	the	Central	
Oyster	Grounds	that	are	outside	the	management	zones.	Therefore	an	additional	main	
question	is	formulated:	
2. Can	be	concluded	with	certainty,	leaving	no	scientific	doubt,	that	allowing	
bottom	impacting	fisheries	in	the	remaining	area	outside	the	management	
zones,	would	not	jeopardize	the	delivery	of	the	conservation	objectives	of	these	
sites	as	defined	in	the	Dutch	Marine	Strategy,	the	Marine	Strategy	Framework	
Directive,	and	in	compliance	with	the	criteria	of	the	EU	Commission	Decision	
(EU)	2017/848?	
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2 Methodology 
The	effects	of	demersal	(mobile	bottom	contacting)	fishing	gear	on	the	conservation	
objectives	for	the	Frisian	Front	and	the	Central	Oyster	Grounds,	as	defined	in	the	Dutch	
Marine	Strategy,	are	studied	in	this	literature	review.		The	following	points	of	concern	
are	addressed	(Terms	of	Reference	literature	review	FF	and	COG	by	Thomas	Rammelt,	
WNF,	4	September	2017).		
Methodology	
1. The	aforementioned	question	will	be	answered	on	the	basis	of	all	literature	and	
best	available	data	relevant	to	this	question.	
2. Is	there	sufficient	literature	available	to	support	the	conclusion	that	the	
favourable	conservation	objective,	as	defined	in	the	Dutch	Marine	Strategy,	the	
Marine	Strategy	Framework	Directive,	is	ensured	in	case	of	a	management	
regime	which	allows	the	afore	mentioned	bottom	impacting	gears	in	the	
management	zones?		
3. In	the	literature	review	the	question	will	be	answered	if	in	the	Frisian	Front	and	
the	Central	Oyster	Grounds	Document,	(draft	of	13	July	2017)	selective	use	has	
been	made	of	available	literature.		
a. Was	recent	literature	concerning	the	effects	of	the	afore	mentioned	bottom	
impacting	gears	on	offshore	circalittoral	mixed	sediment	of	Frisian	Front	and	the	
offshore	circalittoral	sand	and	offshore	circalittoral	mixed	sediment	of	Central	
Oyster	Grounds,	left	out	of	the	impact	analysis	in	the	Background	Document.		
b. Were	conclusions	of	research,	which	have	been	used	in	the	Frisian	Front	and	the	
Central	Oyster	Grounds	Background	Document	–	also	including	the	studies	by	
Rijnsdorp	et	al.	(2016),	and	by	Eigaard	et	al.	(2016)	‐	correctly	reproduced?	
Assessment	of	effects	
1. Is	a	management	regime,	which	allows	the	aforementioned	bottom	impacting	
gears	in	the	management	zones,	scientifically	justified	on	the	basis	of	pressures	
in	the	occurrences	on	offshore	circalittoral	sediment	of	Frisian	Front	and	the	
offshore	circalittoral	sand	and	offshore	circalittoral	sediment	of	Central	Oyster	
Grounds,	and	hence	does	it	meet	the	conservation	status	of	the	habitat?		
2. In	the	literature	review	the	possibility	of	significant	effects	will	be	related	to	the	
question	whether	the	delivery	of	the	conservation	objectives	will	be	jeopardized	
in	the	light,	inter	alia,	of	the	characteristics	and	the	specific	environmental	
conditions	of	the	site.	
3. The	literature	review	will,	inter	alia,	research	the	effects	of	bottom	impact	and	
bycatch	of	the	afore	mentioned	bottom	impacting	gears	on	offshore	circalittoral	
mixed	sediment	of	Frisian	Front	and	the	offshore	circalittoral	sand	and	offshore	
circalittoral	mixed	sediment	of	Central	Oyster	Grounds.	The	effects	on	the	
seabed	and	associated	species	will	include	the	effects	on	fish	(target	and	non‐
target	species),	benthos,	shellfish	and	other	bottom	dwelling	species.	The	
research	will	also	focus	on	slow‐growing	and	long‐lived	species	and	other	effects	
on	the	food	web.	If	possible,	long	term	effects	will	be	taken	into	account.	The	
effects	on	the	species	as	mentioned	in	the	Background	Document	are	part	of	this	
assessment.	
4. In	the	assessment	of	the	effects	of	the	bottom	impacting	gears,	the	foot	print	per	
hour	fishing	of	the	gears	should	be	compared.	
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5. In	the	assessment	the	study,	commissioned	by	the	Danish	government,	by	DTU	
Aqua	into	the	impacts	of	demersal	seines	(possibly	focused	on	the	Frisian	Front	
and	Central	Oyster	Grounds	seabed),	will	be	taken	into	account	as	well.	
However,	this	research	did	not	become	available	in	time	and	could	not	be	
included	in	the	study.	
	
	
Cumulative	effects	
1. Do	impact	assessments	that	support	the	draft	proposal	for	the	Frisian	Front	and	
the	Central	Oyster	Grounds,	include	an	assessment	of	the	cumulative	effects	
before	they	are	related	to	characteristics,	the	specific	environmental	conditions	
and	conservation	objectives	of	the	site?		
2. Have	other	plans	and	activities	been	included	in	an	assessment	of	cumulative	
effects?	
3. Have	‘external’	activities,	taking	place	outside	the	borders	of	the	Frisian	Front	
and	the	Central	Oyster	Grounds,	sufficiently	been	taken	into	account	in	the	
assessment	of	the	effects	inside	the	site?	
In	the	Background	Document	Frisian	Front	and	the	Central	Oyster	Grounds,	the	
following	bottom	contacting	fishing	activities,	to	be	banned	from	the	closed	zones,	are	
listed:	beam	trawl,	bottom	otter	board	trawl,	dredges	and	demersal	seines	(Table	2.1	
below;	Table	2	of	the	BD).	Because	of	recent	developments	we	added	some	
considerations	on	the	pulse	beam	trawl,	too.	
Table	2.1	Overview	of	bottom	contacting	gears	that	are	part	of	the	literature	review.	
Gear	groups	that	are	banned	
in	all	closed	zones	
Gear	Code	Annex	XI	in	EU	
Regulation	404/2011 
International	Standard	
Classification	of	Fishing	
Gears	(ISSCFG) 
Beam	trawl	 TBB  03.1.1 
Bottom	Otter	Board	Trawl	 OGB,	OTT,	PTB,	TBN,	TBS,	TB,	
BTM 
03.1.2,	03.3.0,	03.1.3,	03.1.9 
Dredges	 DRB,	HMD  04.1.0,	04.2.0,	DRM,	DRX 
Demersal	seines	 SPR,	SDN,	SSC,	SX,	SV  SPR,	SDN,	SSC,	SX,	SV 
A	literature	survey	was	done	to	assess	the	current	impact	of	mobile	bottom	contacting	
fishing	gear	on	the	status	of	indicator	species.	It	was	soon	apparent	that	it	is	impossible	
to	carry	out	a	full	review	of	“all”	literature,	because	of	the	large	amount	of	studies	that	
have	been	carried	out	since	a	long	period	and	in	recent	years.	For	this	study	we	used	the	
most	recent	and	relevant	sources,	and	in	addition	we	accessed	unpublished	data	of	
NIOZ‐surveys	in	the	Frisian	Front	and	the	Central	Oyster	Grounds.	Because	of	a	lack	of	
literature	on	the	effect	of	specific	gear	(e.g.	Danish	seine)	on	specific	substrates,	we	also	
approached	the	matter	starting	from	the	sensitivity	of	indicator	species	to	the	impacts	of	
fishery.	Sources	of	information	on	species	were	www.marlin.ac.uk,	
www.genustraithandbook.org.uk,	and	the	literature	available	at	NIOZ	and	in	the	public	
domain.		
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The	full	list	of	cited	and	consulted	literature	is	listed	in	Annex	1.	Per	reference,	the	
author,	year	and	title	are	presented	and	a	brief	description	is	given	of	the	area	of	
concern.	The	cited	literature	is	available	in	the	references.	
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3 Conservation status  
3.1 Description of typical values and species 
3.1.1 Typical values 
The	Frisian	Front	refers	to	a	SW‐NE	oriented	zone	on	the	seafloor,	size	approximately	
15x100	km,	depth	between	25	and	40	m.	The	area	is	enriched	with	fine	organic	rich	
sediments	(Creutzberg	and	Postma,	1979)	and	hosts	a	diverse	bottom	fauna	which	
shows	a	clear	zonation	across	the	area	(Creutzberg	et	al.,	1984).	An	overview	of	the	
main	features	is	given	in	De	Gee	et	al.	(1991),	but	many	other	studies	focussed	on	the	
area	since	then.	
The	Frisian	Front	forms	the	transition	between	the	shallower	Southern	Bight	and	the	
deeper	Central	Oyster	Grounds.	The	gradual	deepening	to	the	north	(Oyster	Grounds)	
leads	to	a	decrease	in	tidal	currents	and	a	subsequent	sedimentation	of	fine	sediments	
(De	Gee	et	al.,	1991).	Hence	there	is	a	gradient	in	sediment	grain	size	from	south	to	
north.	In	the	core	area	of	the	Frisian	Front	the	silt	percentage	can	be	as	high	as	20%.	The	
"benthic"	front	is	coupled	to	a	tidal	(hydrological)	front	which	marks	the	boundary	
between	the	summer	stratified	waters	in	the	north	and	the	tidally	mixed	waters	in	the	
south	and	which	is	accompanied	by	elevated	primary	production	(Baars	et	al.,	1991).	
The	geographical	position	of	the	hydrographical	front	varies	and	depends	on	the	season	
and	on	weather	conditions.	
The	Frisian	Front	hydrographical	gradients	and	benthic	gradients	are	reflected	in	the	
spatial	temporal	distribution	of	both	benthic	and	pelagic	communities.	High	
concentrations	of	fish	schools	(young	herring,	adult	sprat)	have	been	observed	in	
acoustic	surveys	of	the	Frisian	Front	(Sprong,	1990).	These	are	predated	by	guillemots,	
aggregating	in	this	area	after	the	breeding	season	(Baars	et	al.,	1991,	Baptist	et	al.,	
2010).		
Less	studies	have	focussed	on	the	Central	Oyster	Grounds,	but	compared	to	for	instance	
the	Cleaver	Bank	area,	the	amount	of	observations	available	is	overwhelming.	The	
Central	Oyster	Grounds	is	the	deeper	area	in	the	North	Sea,	south	of	the	Dogger	Bank	
and	north	of	the	Frisian	Front.	In	calm	summers	the	area	gets	thermally	stratified	which	
might	lead	to	hypoxia	(Greenwood	et	al.,	2010,	Weston	et	al.,	2007).	Sediment	silt	
contents	are	lower	in	the	Oyster	Grounds	than	in	the	frontal	area	of	the	Frisian	Front	(5‐
8%,	versus	15‐20%).	In	the	Central	Oyster	Grounds,	a	diverse	and	rich	benthic	fauna	is	
found,	among	which	are	several	rare	or	long‐lived	bivalves	(a.o.	Arctica	islandica,	Mya	
truncata),	the	parchment	worm	(Chaetopterus	variopedatus).	Southern	fauna	
components	get	gradually	replaced	by	more	northern	species	(Brisopsis	lyrifera,	
Spatangus	purpureus,	Lucinoma	borealis,	ea.)	(Witbaard	et	al.,	2013).		
In	the	Marine	Strategy	Part	1,	the	main	target	for	the	structure	of	the	Dutch	marine	
ecosystem	(encompassing	the	MSDF	descriptors	‘biodiversity’,	‘food	webs’	and	‘seafloor	
integrity’)	is	to	reverse	the	trend	of	degradation	of	the	marine	ecosystem	due	to	damage	
to	seabed	habitat	and	to	biodiversity	towards	a	development	of	recovery	(Ministerie	van	
IenM,	2012).	This	target	implies	an	ecosystem	structure	in	which	the	relative	
proportions	of	the	ecosystem	components	(habitats	and	species)	are	in	line	with	
prevailing	abiotic	conditions	(Ministerie	van	IenM,	2012).	For	benthos	the	sub‐target	is:	
“Improvement	of	the	size,	quality	and	distribution	of	populations	of	long‐living	and/or	
vulnerable	(i.e.	sensitive	to	physical	disturbance)	benthic	species”.	
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3.1.2 Typical or indicator species 
Derived	from	the	descriptors	that	are	mentioned	for	the	Marine	Strategy	Framework	
Directive	(MSFD),	Wijnhoven	et	al.	(2013)	proposed	a	preliminary	selection	of	indicator	
species	for	the	Frisian	Front	and	Central	Oyster	Grounds	(see	Table	3.1	below).	The	
initial	selection	was	later	extended	with	additional	species	by	Wijnhoven	&	Bos	(2017),	
to	form	the	national	benthos	indicator,	called	BISI,	which	is	used	to	describe	the	status	
of	the	areas	of	special	ecological	value	(ASEV)	in	terms	of	the	MFSD	(Table	3.1).		
Table	3.1.	Initial	(preliminary	indicators;	Wijnhoven	et	al.	2013)	and	extended	species	selection	
(additional	BISI	indicators;	Wijnhoven	&	Bos,	2017)	to	form	a	reference	list	of	indicator	species	
(BISI)	for	the	ASEV	Frisian	Front	and	Central	Oyster	Grounds.	
Frisian	Front	Preliminary	indicators	(Wijnhoven	et	al.,	2013)	
Class	 Species	 Dutch	name	 English	name	
Ophiuroidea	 Amphiura	filiformis	 Draadvormige	slangster	 Brittlestar	
Malacostraca	 Callianassa	subterranea	 Moddergarnaal	 Mud	shrimp	
Malacostraca	 Upogebia	deltaura	 Harige	molkreeft	 Mud	lobster	
Bivalvia	 Thracia	convexa	 Bolle	papierschelp	 ?	
Malacostraca	 Goneplax	rhomboides	 Hoekige	krab	 Angular	crab	
Malacostraca	 Corystes	cassivelaunus	 Helmkrab	 Helmet	crab	
Polychaeta	 Nephthys	incisa	 (borstelworm)	 ?	
Frisian	Front	Additional	BISI	indicators	(Wijnhoven	&	Bos,	2017)	
Class	 Species	 Dutch	name	 English	name	
Polychaeta	 Atherospio	guillei	 Spionide	worm	 ?	
Bivalvia	 Dosinia	lupinus	 Dichtgestreepte	
artemisschelp	
Smooth	artemis	
Gastropoda	 Euspira	nitida		
(formerly	E.	pulchella)	
Glanzende	tepelhoren	 Common	necklace	shell	
Echinoidea	 Echinocardium	cordatum	 Zeeklit	 Heart‐urchin	
Holothuroidea	 Leptosynapta	inhaerens	 Klevende	zeekomkommer	 ?	
Polychaeta	 Oxydromus	flexuosus	 Neonworm	 ?	
Ophiuroidea	 Ophiura	albida	 Kleine	slangster	 Serpent's	table	brittlestar	
Polychaeta	 Podarkeopsis	
helgolandicus	
?	 ?	
Malacostraca	 Upogebia	stellata	 Kleine	molkreeft	 ?	
	
Central	Oyster	Grounds	Preliminary	indicators	(Wijnhoven	et	al.,	2013)	
Class	 Species	 Dutch	name	 English	name	
Malacostraca	 Callianassa	subterranea	 Moddergarnaal	 Mud	shrimp	
Malacostraca	 Upogebia	stellata	 Kleine	molkreeft	 Mud	lobster	
Echinoidea	 Brissopsis	lyrifera	 Zwartband	zeeklit	 Heart	urchin	
Bivalvia	 Corbula	gibba	 Korfschelp	 Basket	shell	
Bivalvia	 Acanthocardia	echinata	 Gedoornde	hartschelp	 Prickly	cockle	
Gastropoda	 Turritella	communis	 Penhoren	 Auger	shell	
Ophiuroidea	 Amphiura	filiformis	 Draadvormige	slangster	 Brittlestar	
Central	Oyster	Grounds	Additional	BISI	indicators	(Wijnhoven	&	Bos,	2017)	
Class	 Species	 Dutch	name	 English	name	
Polychaeta	 Aphrodita	aculeata	 Zeemuis	 Sea	mouse	
Bivalvia	 Arctica	islandica	 Noordkromp	 Ocean	quahog	
Polychaeta	 Chaetopterus	variopedatus	 Perkamentkokerworm	 Parchment	worm	
Bivalvia	 Chamelea	striatula	 Venusschelp	 Striped	venus	
Gastropoda	 Cylichna	cylindracea	 Valse	oubliehoren	 Lined	chalice‐bubble	
Bivalvia	 Dosinia	lupinus	 Dichtgestreepte	
artemisschelp	
Smooth	artemis	
Echinoidea	
	
Echinocardium	cordatum	 Zeeklit	 Heart‐urchin	
Echinoidea	
	
Echinocardium	flavescens	 Gele	hartsegel	 ?	
Polychaeta	 Nephthys	incisa	 ?	 ?	
Bivalvia	 Nucula	nitidosa	 Driehoekige	parelmoerneut	 ?	
Polychaeta	 Sthenelais	limicola	 ?	 ?	
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Polychaeta	 Terebellides	stroemii	 ?	 ?	
Malacostraca	 Upogebia	deltaura	 Harige	molkreeft	 Mud	lobster	
For	the	selected	indicator	species	included	in	the	BISI	and	in	different	ASEV,	Wijnhoven	
&	Bos	(2017)	present	the	derived	reference	values	('internal	reference'	or	Ri	–	a	
composed	realistic	reference)	that	were	calculated	based	on	the	monitoring	data	of	
2015	and	which	also	represent	a	T0‐status.	For	the	Central	Oyster	Grounds	and	Frisian	
Front,	the	indicator	species	are	monitored	by	box‐core	or	dredge	sampling,	depending	
on	the	species.	The	Ri‐values	(T0)	of	the	indicator	species	are	given	in	Appendix	1c	
(Central	Oyster	Grounds)	and	Appendix	1d	(Frisian	Front)	in	Wijnhoven	&	Bos	(2017).		
In	this	way	the	BISI	is	used	to	calculate	the	quality	status	of	the	areas	Frisian	Front	and	
Central	Oyster	Grounds.	Quality	objectives	have	also	been	formulated,	in	terms	of	'no	
significant	decrease	of	the	BISI'	and	in	the	future	(in	12‐18	years)	a	'significant	increase	
of	the	BISI'.	Furthermore,	the	BISI	should	increase	significantly	in	the	areas	closed	for	
fishing	compared	to	the	'open'	areas	(Wijnhoven	&	Bos,	2017).	These	objectives	are	
applicable	to	both	Frisian	Front	and	Central	Oyster	Grounds.	
The	list	of	species	to	be	used	to	assess	the	measures	in	the	protected	areas	at	Frisian	
Front	and	Central	Oyster	Grounds	(Table	3	in	the	draft	BD)	should	be	updated,	
accordingly.	
3.2 Available surveys 
Wijnhoven	&	Bos	(2017)	give	an	overview	of	available	surveys	and	data	that	they	used	
to	derive	the	reference	values	of	the	BISI‐indicator	species.	
Since	the	1980ies,	the	Netherlands	Institute	of	Sea	Research	(NIOZ)	collected	many	data	
in	the	North	Sea,	including	in	the	areas	of	concern:	the	Frisian	Front	and	Central	Oyster	
Grounds.	Countless	publications	were	the	result,	although	some	data	may	have	
remained	unpublished.	
Witbaard	et	al.	(2013)	compilated	the	benthos	datasets	of	the	NIOZ,	obtained	with	the	
Triple‐D	dredge	in	the	years	2006‐2012,	in	the	search	area	'Friese	Front/Centrale	
Oestergronden'.	They	used	benthos	data	of	193	sampled	stations,	concerning	species	
composition	(139	taxa	in	total),	biomass	and	density	data	and	length	distributions	
where	possible.	
An	overview	of	surveys	that	have	been	conducted	in	the	Frisian	Front	between	2004	
and	2017	by	the	Netherlands	Institute	of	Sea	Research	(NIOZ)	is	given	in	the	table	
below.	
Table	3.2.	Overview	of	surveys	carried	out	on	the	Frisian	Front	and	Central	Oyster	Grounds.	
Cruise	nr  ship  program  start  end  Area  subject 
64PE223  Pelagia  LNV  02/04/2004  07/04/2004  L7A	platform  Fishing	effects 
Arca2006  Arca  LNV  23/10/2006  27/10/2006  FF  Species	
distribution 
64PE260  Pelagia  Costra  05/02/2007  08/02/2007  FF	a.o.	areas  Species	
distribution 
64PE261  Pelagia  Costra  19/02/2007  02/03/2007  FF	a.o.	areas  Species	
distribution 
64PE266  Pelagia  BSIK  31/03/2007  07/04/2007  FF	a.o.	areas  Species	
distribution 
64PE287  Pelagia  Normomap  05/04/2008  13/04/2008  FF	a.o.	areas  Species	
distribution	
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64PE288  Pelagia	 Costra  14/04/2008  18/04/2008  FF	a.o.	areas  Species	
distribution 
64PE338  Pelagia  Normomap  10/06/2011  15/06/2011  FF	a.o.	areas  Species	
distribution 
64PE340  Pelagia  NIOZmon  17/07/2011  04/07/2011  FF	a.o.	areas  Processes 
64PE354  Pelagia  NIOZmon  01/06/2012  20/06/2012  FF	a.o.	areas  Processes 
64PE408  Pelagia  Insite  07/05/2016  12/05/2016  L7A	platform  oil	rig	effect 
64PE422  Pelagia  Puls  01/06/2017  08/06/2017  FF  Fishing	effects 
64PE423  Pelagia  NIOZmon  16/06/2017  29/06/2017  FF	a.o.	areas  Geology 
3.3 Status of the Frisian Front and Central Oyster Grounds 
3.3.1 Current situation 
Neumann	et	al.	(2017)	investigated	the	spatial	distribution	of	epibenthic	communities	in	
the	North	Sea.	They	discern	three	major	epibenthic	communities:	"Coast",	"Oyster	
Ground"	and	"Tail	End".	Apart	from	these,	there	are	five	smaller	communities	of	which	
the	Frisian	Front	is	one.	Neumann	et	al.	(2017)	mention	the	very	high	abundance	of	
brittle	stars	(Ophiura	ophiura	and	Ophiura	albida)	in	large	areas	in	the	south‐eastern	
North	Sea	as	a	result	of	the	cold	winter	of	1995/1996	and	indicate	that	high	abundances	
of	brittle	stars	are	usually	more	locally	restricted	e.g.	to	the	Frisian	Front	which	may	
function	as	a	source	area	for	these	species.	
The	Frisian	Front	was	dominated	by	species	that	feed	as	deposit‐	or	filter‐	and	
suspension	feeder,	but	also	very	high	percentages	of	opportunistic	trait	modalities	and	
by	far	the	lowest	functional	diversity	compared	to	other	epibenthic	communities	in	the	
south‐eastern	North	Sea	(Neumann	et	al.,	2016).	Examples	of	opportunistic	trait	
modalities	are:	a	short	life	span,	early	onset	of	sexual	maturity	and	small	size,	
dissemination	of	species	via	pelagic	life	stages.	These	modalities	are	also	found	in	
hypoxic	environments,	organically	enriched	habitats	and	in	conjunction	with	cold	
winters,	low	salinity	and	fishing	disturbance	(Neumann	et	al.,	2016).	Van	Kooten	et	al	
(2015)	also	did	a	trait	analyses	of	the	megafauna	of	the	Oystergrounds	and	Frisian	Front	
(Witbaard	et	al,	2013)	in	relation	to	the	intensity	of	bottom	fisheries.		Because	of	spatial	
correlation	it	was	impossible	to	separate	the	effects	of	depth	and	fishing	intensity	on	
benthos	composition,	but	many	of	the	functional	characteristics	of	the	fauna	appeared	to	
be	related	to	fishing	intensity	supporting	the	findings	of	Neumann	et	al	(2016).	
The	community	of	Frisian	Front	appeared	to	be	linked	to	muddy	sediments,	and		has	a	
different	species	composition	compared	to	the	Oyster	Grounds	whose	sediments	have	
lower	silt	percentages.	Mean	fauna	abundance	was	highest	at	the	Frisian	Front	with	high	
densities	of	characteristic	species	such	as	the	brittle	star	Ophiura	albida,	the	swimming	
crab	Liocarcinus	holsatus	and	Turritella	communis	(Neumann	et	al.,	2017).	Abiotic	
variables	determining	the	Frisian	Front	community	distribution	(model)	were	a	high	
mud	content	of	the	sediments,	along	with	fishing	effort	and	high	annual	mean	
temperature.	However,	it	is	difficult	to	disentangle	the	relative	impacts	of	fishing	and	
natural	factors	on	the	Frisian	Front	as	both	affect	benthic	communities	in	a	similar	way	
and	are	spatially	correlated	in	the	south‐eastern	North	Sea	(Neumann	et	al.,	2016;	
Neumann	et	al.,	2017,	van	Kooten	et	al,	2015).		
The	Oyster	Ground	community	is	characterised	by	species	with	a	preference	for	muddy	
sediments,	such	as	Turritella	communis	or	Nephrops	norvegicus	and	by	high	species	
numbers	and	species	diversity	(Neumann	et	al.,	2017).	Other	characteristic	species	were	
Astropecten	irregularis,	Pagurus	bernhardus,	Echinocardium	cordatum,	and	the	fish	
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species	Buglossidium	luteum.	The	angular	crab	Goneplax	rhomboides	is	a	new	species	but	
now	common	and	well‐established	in	the	Oyster	Grounds	after	its	first	occurrence	in	the	
area	in	2003	(Neumann	et	al.	2013)	or	2006	(Neumann	et	al.	2017).	Abiotic	
characteristics	associated	with	the	Oyster	Grounds	benthic	community	are	high	
salinities,	small	seasonal	temperature	differences	and	(seasonal)	stratification.	The	
thermal	stratification	develops	during	summer	with	rising	surface	temperatures	and	
can	lead	to	a	situation	of	hypoxia	near	the	seabed	(Weston	et	al,	2008).		
Dissolved	oxygen	concentration	in	bottom	water	at	the	Oyster	Grounds	was	shown	to	be	
strongly	influenced	by	short	term	events	including	storms	and	pulses	of	particulate	
organic	matter	input	(Greenwood	et	al.,	2010).	The	shallow	topography	and	stratified	
nature	of	this	region	combined	with	potentially	high	nutrient	concentrations	and	
suitable	sedimentary	structure	provide	near	ideal	conditions	for	low	oxygen	levels	to	
develop.	In	addition,	the	deep	chlorophyll	maximum	(DCM)	can	be	a	major	source	of	
new	production	after	the	spring	bloom	and	is	therefore	a	potential	source	of	biomass	to	
the	bottom	waters	(Weston	et	al.,	2008).		
3.3.2 Regime shifts and habitat changes 
Shifts	in	the	benthic	community	of	the	Frisian	Front	have	been	observed	e.g.	a	decrease	
in	densities	of	A.	filiformis	to	an	increase	in	densities	of	deep	digging	species	e.g.	C.	
subterranea	(Amaro,	2005;	see	Box	Regime	shift	Frisian	Front).	Recent	observations	
(2017)	suggest	that	the	densities	of	A.	filiformis	have	remained	at	a	low	level,	and	that	
the	community	has	not	returned	to	its	"historical	(1985‐1995)"	status	(R.	Witbaard,	
pers.	com.).	The	status	of	such	historical	conditions	can	be	debated	as	it	also	depends	on	
the	timeframe	which	is	considered	and	its	appreciation	is	sensitive	to	shifting	baseline	
syndrome	(Pauly,	1995).	
Box	Regime	shift	Frisian	Front	–	additional	information	
A	benthic	macrofaunal	regime	shift	in	the	Frisian	Front	during	the	period	1992	to	
1997	was	described		by	Amaro	(2005).	One	of	the	characteristic	species	of	Frisian	
Front,	Amphiura	filiformis,	and	the	burrowing	crustaceans	Callianassa	subterranea	
and	Upogebia	deltaura,	showed	remarkable	changes	in	their	densities:	abundances	of	
the	brittle	star	Amphiura	filiformis	decreased	in	favour	of	the	mud	shrimp	Callianassa	
subterranea	(Amaro,	2005).	In	1982	peak	densities	of	approx.	1330	ind./m2	and	1750	
ind./m2	were	recorded	for	Amphiura	filiformis,	consisting	of	mainly	adults	and	a	few	
juveniles.	In	the	10	years	period	after	this,	the	population	decreased	to	a	constant	
density	of	100	ind./m2.	Callianassa	subterranea	showed	an	increasing	abundance	
since	1982,	from	approx.	40	ind./m2	to	319	ind./m2	in	2000.	Amaro	(2005)	observed	
no	signs	of	recovery	towards	the	situation	where	Amphiura	filiformis	dominated	the	
community.		
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Amphiura	filiformis	Source:	https://www.eurekalert.org/multimedia/pub/452.php		
	
Callianassa	subterranea	(Photographer:	Pisces	Conservation	Limited).	
Source:	http://www.genustraithandbook.org.uk/genus/callianassa	
The	reason	for	the	decline	of	A.	filiformis	is	unclear.	Numerous	explanations	have	been	
presented,	such	as	climate‐related	changes	in	the	ecosystem.	The	decline	also	coincided	
with	an	increase	in	beam	trawling	in	the	area	but	a	causal	relationship	could	not	be	
demonstrated.	Although	not	substantiated	by	hard	evidence,	the	regime	shift	can	in	
theory	be	related	to	fishing	pressure.	The	brittlestar	Amphiura	filiformis	lives	in	the	top	
layer	of	the	sediment	(0‐5	cm)	and	are	likely	to	be	influenced	more	directly	by	bottom	
contacting	fishing	gears	than	the	deep	living	burrowing	crustaceans.	The	burrowing	
crustaceans	furthermore	play	a	significant	role	in	modifying	their	environment	by	
expelling	fine	sediment	while	creating	their	burrows.	This	continuous	sediment	
reworking	might	inhibit	further	population	development	of	Amphiura.	High	A.	filiformis	
densities	increase	the	stability	of	the	seabed,	whereas	high	C.	subterranea	densities	lead	
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to	decreased	stability	of	the	seabed	and	with	that	to	an	increased	sensitivity	of	the	bed	
to	re‐suspension	of	fine	particles	(Amaro,	2005).		
	The	Central	Oyster	Grounds	has	witnessed	major	faunal	changes,	too.	Historical	data	
suggest	that	in	the	Oyster	Grounds	and	the	Frisian	Front,	huge	areas	were	once	covered	
with	extensive	oyster	reefs	(Olsen,	1883).	Their	former	existence	is	sometimes	
witnessed	by	nowadays	samples	from	the	area,	containing	"fossil"	oyster	shells	or	
fragments	(Witbaard	pers.	communication).	The	vast	oyster	beds,	once	covering	an	area	
of	over	25.000	km2,	which	naturally	occurred	here	until	the	end	of	the	19th	century	
(Olsen,	1883;	Van	Duren	et	al.,	2016),	since	then	rapidly	disappeared	due	to	overfishing	
(by	oyster	dredging	and	the	development	of	bottom	trawling)	and	diseases	(although	
these	occurred	at	a	later	date	than	the	strong	decline	of	oyster	beds	in	the	late	19th	
century)	(Smaal	et	al.	2015).	With	the	disappearance	of	these	extensive	oyster	banks	a	
suite	of	sessile	epibenthic	species	was	lost	(lowering	the	biodiversity).	It	is	also	likely	
that	the	filtering	capacity	of	a	reef	of	>	25.000	km2	(Van	Duren	et	al.,	2016)	must	have	
had	a	tremendous	effect	on	the	material,	nutrient	fluxes	and	turbidity	(SPM)	in	this	part	
of	the	North	Sea.		
At	that	time,	the	hydrography	of	the	SE	North	Sea	did	most	likely	not	differ	from	the	
present	day	situation,	i.e.	a	north	easterly	residual	current	and	a	frontal	region	above	
the	Wadden	islands.	On	basis	of	this,	the	reefs	in	the	Frontal	zone	and	the	Oyster	
Grounds	likely	profited	from	the	elevated	primary	production.	These	reefs	have	long	
since	gone	and	have	been	replaced	by	a	soft	sediment	community.	This	soft	sediment	
community	also	profits	from	the	elevated	levels	of	primary	production	in	the	frontal	
area,	though	nutrient	fluxes	and	SPM	levels	and	sediment	behaviour	(sedimentation	and	
resuspension)	must	have	changed	considerably.	The	sediment	has	become	vulnerable	
for	resuspension	because	the	"protective	layer"	of	oysters	with	attached	epifauna	is	
gone	(See	figure	3.1).		
In	the	current	state,	it	is	questionable	whether	oyster	settlement	can	survive	on	the	
Oyster	Grounds	because	of	a	lack	of	suitable	substratum	and	the	high	bioturbation	
levels,	and	also	because	the	stocking	populations	for	larval	supply	have	vanished.	
3.3.3 Recent	studies	with	high	relevance 
Several	authors	note	a	disrupted	status	of	the	benthic	community	in	the	Frisian	Front	
and	Central	Oyster	Grounds	(Lindeboom	et	al.,	2008).	Rumohr	and	Kawjeski	(2000)	
compared	historical	benthos	collections	(1902‐1912)	with	more	recent	collections	
(1986)	and	showed	that	the	frequency	of	occurrence	of	large	bivalves	decreased	and	
that	the	frequency	of	occurrence	of	scavengers	increased.	They	attribute	these	changes	
to	direct	and	indirect	effects	of	fisheries.	Groenewold	and	Fonds	(2000)	demonstrated	
that	scavengers,	indeed,	are	attracted	to	the	trawl	tracks	and	consume	dead	and	
damaged	fauna.	
The	role	of	beam	trawling	(with	tickler	chains)	in	the	"disappearance"	from	the	area	of	
Arctica	islandica,	a	large	bivalve	mollusc,	has	been	demonstrated	by	Witbaard	and	Klein	
(1994).	Field	observations	in	the	early	1990ies	showed	that	80%	of	empty	shells	on	the	
sea	bed	were	damaged	at	the	posterior	(siphon)	shell	side	and	experimental	work	
suggested	that	these	injuries	were	inflicted	by	tickler	chains.	The	number	of	repaired	
and	dated	scars	in	alive‐caught	shells	showed	a	significant	correlation	with	the	increase	
in	engine	power	of	the	Dutch	beam	trawl	fleet.	Not	unexpectedly	did	the	abundance	of	A.	
islandica	in	the	Frisian	Front	decrease	dramatically	over	the	last	three	decades,	despite	
the	regular	occurrence	of	spat	in	box	core	samples.	Apparently,	this	spat	does	not	
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survive	(Witbaard	and	Bergman,	2003).	In	the	area,	heavily	damaged	but	repaired	shells	
have	also	been	found	of	other	species,	for	example	Acanthocardia	echinatum	and	
Chlamys	opercularis.	Van	Kooten	et	al	(2015)	present	size‐frequency	data	for	a	few	
species	from	heavily	fished	parts	and	less	fished	parts	in	the	Oyster	Grounds	and	Frisian	
Front.	Sizes	of	Acanthocardia	appeared	to	be	much	smaller	in	the	heavily	fished	areas,	
suggesting	elevated	mortality	rates	of	large	adults.	This	comparison	could	only	be	made	
for	a	few	species	as	many	of	the	potentially	affected	species	were	not	found	in	the	most	
heavily	fished	areas.		
Duineveld	et	al.	(2007)	studied	the	effects	of	demersal	fisheries	on	the	bottom	fauna	by	
comparing	a	fishery	exclusion	zone	around	a	gas	production	platform	on	the	Frisian	
Front	with		fished	areas	surrounding	it.	The	sampling	methods	consisted	of	a	Triple‐D	
dredge	(Bergman	en	van	Santbrink,	1994)	in	addition	to	a	standard	boxcorer.	The	
fishery	exclusion	zone	showed	(in	the	Triple‐D	samples)	higher	densities	of	fragile	
bivalves	including	long	lived	species	like	A.	islandica,	Thracia	convexa	and	shorter	living	
species	like	Abra	nitida	and	Acanthocardia	echinata.	Also,	deep	digging	crustaceans	
(burrowing	mud	shrimps)	unexpectedly	showed	higher	densities	in	the	platform	
subarea	or	a	depressed	abundance	in	the	regularly	trawled	subareas.	The	no	fishing	
area	showed	more	species	and	a	higher	biodiversity.	In	contrast	to	the	Triple‐D,	the	box	
corer	samples	showed	less	explicit	differences	between	the	fishery	exclusion	zone	and	
the	fished	areas	that	were	compared	(Duineveld	et	al.,	2007),	illustrating	that	the	long‐
term	effects	of	fishing	are	especially	apparent	in	large,	long	lived	and	often	low	
abundant	species.	The	effect	of	trawling	on	burrowing	mud	shrimps	was	assumed	to	be	
negligible	by	several	authors	(Bergman	et	al.	1998,	Hill	2005),	because	these	species	live	
deep	in	the	bottom	and	are	able	to	repair	the	destruction	of	their	burrows	by	fishing	
trawls.	However,	based	on	their	own	findings,	Duineveld	et	al.	(2007)	suggest	that	the	
impact	of	trawling	in	reducing	the	densities	of	C.	subterranea,	and	presumably	also	of	
Upogebia,	may	be	significant	after	all.	
Greenwood	et	al.	(2010)	looked	at	the	marine	management	implications	of	climate	
change	in	relation	to	stratification:	climate	change	scenarios	for	the	North	Sea	predict	
that	the	duration	and	intensity	of	stratification	will	increase	(Lowe	et	al.,	2009).	These	
factors	will	have	the	potential	to	augment	the	decrease	in	the	bottom	mixed	layer	(BML)	
oxygen	in	the	seasonally	stratified	North	Sea,	including	the	Oyster	Grounds,	by	
increasing	the	isolation	of	the	BML	leading	to	lower	oxygen	concentrations.		
In	addition,	the	number	of	summer	storms	may	increase	under	worst	case	climate	
change	scenarios.	Such	storms	may	disturb	the	seabed	and	result	in	increased	levels	of	
suspended	particulate	matter	(SPM)	which	may	further	reduce	the	BML	oxygen	
concentration	and	reduce	water	transparency	over	the	wider	North	Sea.	This	was	
indicated	by	Capuzzo	et	al.	(2015)	who	demonstrated	that	water	clarity	(Secchi	depth)	
in	the	central	and	southern	North	Sea	has	decreased	significantly	over	the	second	half	of	
the	20th	century	(see	figure	3.1	for	an	explanation	of	possible	causes).	Water	clarity	can	
be	influenced	by	different	factors,	such	as	an	increase	in	phytoplankton	and/or	CDOM	
(coloured	dissolved	organic	materials),	suspended	sediments	(SPM;	affected	by	
resuspension	and	transport	of	bottom	sediments	by	the	action	of	tide,	currents	and	
waves),	and	water	itself.		
Cappuzzo	et	al.	(2015)	deduced	that	the	observed	changes	in	water	clarity	were	more	
likely	driven	by	an	increase	in	the	concentration	of	suspended	sediments,	rather	than	by	
phytoplankton.	Contrary	to	McQuatters‐Gollop	et	al.	(2007),	Cappuzzo	did	not	find	a	
trend	in	Chlorophyll‐A	concentrations	which	could	indicate	higher	phytoplankton	levels.	
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They	explain	the	contrary	findings	by	different	methods	and	different	spatial	
aggregation.	Sources	of	SPM	are	bottom	erosion	and	suspension	and	coastal	erosion	as	
well.	Capuzzo	et	al.	suggest	that	the	reduction	in	underwater	light	availability	was	the	
result	of	a	combination	of	causes,	including	decrease	in	sea‐bed	integrity,	increased	
trawling	effort,	windiness,	and	coastal	erosion	(Fig.	3.1).	
	
Figure	3.1	Decrease	in	water	clarity	of	the	southern	and	central	North	Sea	during	the	20th	century	
and	possible	causes.	The	water	column	was	clearer	in	the	early	20th	century,	and	the	sea	floor	was	
colonized	by	a	benthic	community	including	oysters	(Ostrea	edulis),	and	potentially	
microphytobenthos.	During	the	second	half	of	the	20th	century,	water	clarity	of	the	southern	and	
central	North	Sea	decreased.	For	the	last	25+	years,	this	was	likely	driven	by	a	higher	concentration	
of	suspended	materials	in	the	water	column.	Possible	causes	of	this	increase	in	suspended	materials	
could	be	changes	in	the	benthic	community,	increased	trawling	effort,	changes	in	weather	pattern	
and	coastal	erosion	(figure	by	Bayliss‐Brown	G:	source	Capuzzo	et	al.,	2015).	
3.4 Traces of fishery and fishery intensity 
The	Frisian	Front	and	the	Central	Oyster	Grounds	are	important	fishing	areas	to	the	
Dutch	fishery.	The	most	recent	(available)	maps	based	on	VMS	data	show	that	the	area	
is	heavily	fished,	which	is	not	unexpected	given	the	high	productivity	of	the	area.	
However,	it	is	also	due	to	its	geographical	location	relative	to	the	main	fishing	ports	of	
Den	Helder,	Texel	and	Urk.		
A	distribution	map	of	trawl	fisheries	indicates	that	the	Frisian	Front	is	more	intensively	
fished	than	the	Oyster	Grounds	(Figure	3.2,	after	Fig	2f	in	Van	Kooten)	(Van	Kooten	et	al.	
(2015).		
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Figure	3.2	Trawl	disturbance	on	the	Frisian	Front	and	Central	Oyster	Grounds	(Color	scale;	fraction	
of	surface	area	trawled	within	1,5	years	prior	sampling).	After	Van	Kooten	et	al.,	2015.	
For	the	Dutch	part	of	the	North	Sea,	Lindeboom	et	al.	(2008)	qualify	the	benthic	
environment	as	either	raked	(lightly	trawled)	or	ploughed	(heavily	trawled)	depending	
on	the	frequency	of	disturbance	by	bottom	contacting	gears.	On	the	basis	of	that	
subdivision,	all	of	the	Frisian	Front	and	parts	of	the	Central	Oyster	Grounds	(southeast)	
fall	in	the	category	of	ploughed	bottoms	(Lindeboom	et	al.,	2008b	in:	Slijkerman	et	al.,	
2013)	which	suggests	that	these	bottoms	are	heavily	disturbed.	
Buisman	et	al.	(2017)	give	an	update	on	the	international	fishing	activities	on	the	
Central	Oyster	Grounds	and	Frisian	Front.	Based	on	the	combined	VMS‐logbook	
information,	the	majority	of	the	fishing	activities	is	carried	out	by	Dutch	vessels,	
followed	by	Danish,	German,	British	and	Belgian	fleets.	The	fishing	occurs	mainly	with	
beam	trawls	(TBB)	and	otter	trawls	(OTB,	PTB).	The	category	TBB	includes	also	the	new	
techniques	such	as	pulse	trawl	(with	82	exemptions	from	the	EU‐ban	on	“electrical	
fishing”	which	are	currently	heavily	debated)	and	sumwing,	that	have	replaced	the	
traditional	beam	trawl	to	a	large	extent.	The	Dutch	fleet	also	operates	seines	(SSC,	SDN)	
in	the	areas	(see	Figure	3.3	below),	to	a	lesser	extent.	
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Figure	3.3	Historical	trend	of	the	fishing	activities	with	different	gears	(OTB:	Otterboard	trawl;	OTT:	
twinrig;	SDN:	Danish	seine;	SSC;	Scottish	seine;	TBB:	beam	trawl)	in	the	proposed	closure	of	the	
Central	Oyster	Grounds	and	Frisian	Front	for	the	different	countries.	Effort,	landings,	value	of	
landings	and	GVA	are	given	by	country.	Source:	Logbook	data	and	VMS	data	and	data	from	the	
Annual	Economic	report	(STECF	2016),	processed	by	WUR,	CEFAS,	TI,	DTU,	ILVO,	SLU	and	IFREMER.	
Source:	Buisman	et	al.	2017.	
For	the	Belgian	fleet,	fishing	activities	effort	seems	to	be	declining	while	Dutch,	British	
and	German	activity	is	more	variable	without	a	clear	trend.	Danish	activity	is	increasing	
on	the	Central	Oyster	Grounds	and	Frisian	Front	while	France	and	Sweden	have	not	
fished	in	the	areas	during	the	2010‐2015	period.	
The	landings	remained	relatively	stable	over	the	time	period,	despite	a	decreasing	trend	
in	effort	(Buisman	et	al.,	2017).	Nevertheless,	the	landings	in	the	last	year	of	this	time	
period	seem	relatively	high	which	is	caused	mainly	by	the	Danish	fleet.	
The	effort	of	the	Dutch	fishery	(blue	bars	in	Figure	3.4	below)	is	dominant	in	the	Frisian	
Front	and	Oyster	Grounds,	but	the	landings	are	dominated	by	the	Danish	fleet	(see	
figure	below,	Van	Oostenbrugge	et	al.	2017).	
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Figure	3.4.	Fishing	effort	and	landings	by	Central	Oyster	Grounds	and	Frisian	Front	bottom	gears.	
Source:	Van	Oostenbrugge	et	al.	2017.	
Please	note	that	the	data	of	Van	Oostenbrugge	et	al.	(2017)	probably	are	similar	to	
Buisman	et	al.	(2017),	but	updated	with	the	year	2016.	
The	main	species	that	are	targeted	by	the	beam‐trawl	fleet	fishing	on	the	Central	Oyster	
Grounds	and	Frisian	Front	are	plaice	and	(to	a	minor	extent)	sole.	The	other	demersal	
gears	catch	sprat,	plaice	and	herring,	with	some	bycatch	of	sole	and	Nephrops	(see	
Figure	3.5).	The	Danish	demersal	trawlers	target	mixtures	of	small	pelagic	fish	species	
and	landed	exceptionally	high	amounts	of	sprat	in	2015	(Buisman	et	al.	2017).	The	
larger	part	of	the	pelagic	catch	is	used	in	the	reduction	industry	for	fish	meal	(ICES,	
2016).		
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Figure	3.5	Landings	in	tonnes	for	the	top	5	species	per	country	on	the	proposed	closed	areas	of	the	
Central	Oyster	Grounds	and	Frisian	Front	for	bottom	contact	gears.	Source:	Logbook	data	processed	
by	WUR,	CEFAS,	TI,	DTU,	ILVO,	SLU	and	IFREMER.,	CSH=	brown	shrimp,	HER=herring,	NEP=nephrops,	
PLE=plaice,	SAN=sandeel,	SOL=sole,	SPR=sprat	(Source:	Buisman	et	al.	2017).	
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4 Impact of demersal fisheries 
4.1 Description of demersal gear types and footprint 
The	different	towing	principles	of	demersal	seines,	otter	trawls,	beam	trawls	and	
dredges	are	illustrated	by	Figure	4.1	(from	Eigaard	et	al.,	2016).		
	
Figure	4.1.	Towing	principles	of	the	four	main	high‐impact	demersal	gear	groups	identified:	DSs	
(left),	OTs(top	right),	DRBs	(bottom	right),	and	TBBs	(centre,	bottom).	Illustrations	from	FAO:	
http://www.fao.org/fishery/geartype/search/en.	This	figure	is	available	in	black	and	white	in	print	
and	in	colour	at	ICES	Journal	of	Marine	Science	online.	
Towed	nets	affect	the	sea	floor	in	various	ways	(Figure	4.1,	Eigaard	et	al.,	2016),	
whereby	the	different	gear	components	(net,	ropes,	boards,	trawl	shoes)	may	exert	
different	effects.	Cables	and	ground	ropes	that	are	dragged	over	the	sea	bed	may	
homogenize	the	texture	of	the	sea	bottom,	destroy	hard	structures	and	move	stones	or	
shells.	Heavy	gear	components	such	as	the	otter	boards	or	tickler	chains	penetrate	into	
the	sea	bed	and	disturb	the	vertical	structure	of	the	sediment	(Rosenberg	et	al.,	2003)	or	
compact	the	sediment.	Sediment	is	brought	into	suspension	by	the	turbulence	generated	
in	the	wake	of	the	gear	(O’Neill	and	Ivanović,	2016;	Pusceddu	et	al.,	2005)	and	(with	
that)	affect	nutrient	exchange	(Couceiro	et	al.,	2013).		
The	impact	analyses	of	towed	fishing	gear	on	the	Frisian	Front	and	Central	Oyster	
Grounds	(as	presented	in	the	BD)	are	(a.o.)	based	on	Deerenberg	et	al.	(2010),	
Slijkerman	(2013)	and	the	BENTHIS	study	(e.g.	Rijnsdorp,	2016,	Eigaard	et	al.,	2016),	
where	BENTHIS	provided	information	on	the	surface	area	impacted	by	the	various	
mobile	bottom	contacting	metiers.	Previous	to	these	studies,	both	national	and	EU	
funded	projects	aimed	at	unravelling	the	effects	of	beam	trawling	(IMPACT	program,	
REDUCE	program,	BEON	research)	and	to	assess	the	ecosystem	impacts	of	the	first	pulse	
gears	(Pulse	project,	currently	ongoing).	Where	REDUCE	was	the	program	that	tried	to	
assess	the	effects	of	the	first	pulse	gears	about	10	years	ago,	the	presently	running	Pulse	
project	aims	to	assess	more	specifically	the	ecosystem	effects	(nutrient	exchange,	bio	
irrigation,	bioturbation)	and	to	come	to	a	better	impact	assessment	of	the	electrical	
fishing	technique,	for	both	target	and	non‐target	species	as	well	as	processes	at	the	
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sediment	water	interface	(https://www.wur.nl/en/project/Impacts‐of‐pulse‐fishing‐
for‐flatfish‐on‐the‐ecosystem‐.htm).		
Studies	on	the	effects	on	sediment	granulometry	in	the	Frisian	Front	and	Oyster	
Grounds	in	relation	to	fisheries	have	not	been	presented,	to	our	best	knowledge.	
To	compare	the	effects	of	different	fishing	methods	on	the	seabed	Eigaard	et	al.	(2016)	
developed	a	generic	method	to	compare	the	'footprint'	of	different	fishing	gears,	taking	
into	account	the	overall	size	of	the	gear	(e.g.	door	spread	of	otter	trawls	OT)	and	the	
relative	contribution	of	different	gear	elements	to	the	footprint.	Eigaard	et	al.	(2016)	
distinguish	between	surface	abrasion	(shallower	than	2	cm)	by	all	gear	components	that	
have	bottom	contact,	and	subsurface	abrasion	by	gear	components	that	penetrate	more	
than	about	2	cm	into	the	sediment.	Different	gear	elements	have	different	properties,	
therefore	a	distinction	is	made	in	trawl	shoes/doors,	ground	gear/tickler	chains,	ropes	
and	bridles.	The	penetration	depths	of	the	gear	components	were	derived	from	
literature.	
Metiers	differ	widely	in	the	surface	area	swept	per	hour	of	trawling	(Eigaard	et	al.,	
2016).	Fly‐shoot	and	otter	trawls,	of	which	in	particular	the	twin	trawls,	have	a	large	
surface	footprint	as	compared	to	for	instance	beam	trawls	used	in	the	flatfish	fishery.	
The	beam	trawls	aiming	at	flatfish,	however,	have	a	relatively	large	subsurface	footprint	
because	all	gear	components	penetrate	into	the	seabed	(Figure	4.2	below).	
In	the	last	decennium	there	has	been	a	rapid	transition	from	traditional	tickler	chain	
beam	trawls	(using	mechanical	stimulation)	to	pulse	trawls	and	to	sumwing‐pulse	
trawls	(using	electrical	stimulation),	which	is	evident	from	the	effort	statistics.	In	2008,	
beam	trawl	fisheries	still	represented	77%	of	the	total	effort	in	terms	of	horse	power	
days.	In	2014,	this	percentage	had	decreased	to	only	2	percent	whereas	the	sumwing	
method	+	pulse	fisheries	had	increased	to	68%	(Turenhout	et	al.,	2016).		
Although	in	pulse	fishing	(for	flatfish)	the	tickler	chains	have	been	replaced	by	a	system	
which	activates,	stimulates	and/or	paralyzes	the	target	species	so	that	they	end	up	in	
the	net,	all	gear	varieties	still	have	a	ground	rope	and	on	basis	of	photographs	it	is	
suggested	(Polet	&	Depestele,	2011)	that	various	combinations	of	pulse	lines/ropes	and	
ticklers	might	be	present.		
Despite	the	fact	that	pulse	fishing	is	strictly	regulated	and	is	officially	forbidden	within	
the	EU,	at	present	there	are	82	exemptions	(for	NL)	from	this	EU‐ban	on	electrical	
fishing.	With	different	specifications,	these	are	used	in	coastal	shrimp	fisheries	as	well	as	
in	offshore	flatfish	fisheries.	
Figure	4.2.	Proportion	of	total	gear	footprint	(a)	and	the	area	of	seabed	swept	in	1	h	of	fishing	with	
	 29
an	average‐sized	vessel	(b)	with	impact	at	the	surface	level	and	at	both	the	surface	and	the	
subsurface	level	for	the	14	BENTHIS	metiers	(Eigaard	et	al.,	2016).	
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4.2 Sensitivity of typical species to physical and biological pressures 
The	genustrait	handbook	(www.genustraithandbook.org.uk)	defines	the	sensitivity	of	
species	based	on	life	trait	characteristics	(such	as	motility	of	adults,	motility	of	larvae	
and	longevity,	AO),	and	furthermore	predicts	the	potential	that	individual	genera	have	
to	recolonise	and	the	time	that	may	be	required	for	recolonization.	The	genustrait	
handbook,	originally	intended	to	assist	in	the	assessment	of	the	impacts	of	marine	
dredging	on	marine	benthic	resources,	can	also	be	used	to	estimate	species‐specific	
effects	of	fishing.	Table	4.1	presents	the	sensitivity	for	mobile	bottom	contacting	fishing	
gear	per	functional	group	of	indicator	species	(for	muddy	sand,	sandy	mud	etc.),	based	
on	the	genustrait	handbook.	Of	the	listed	species,	5	are	assessed	as	'vulnerable',	3	as	
'intermediate',	8	as	'robust'	and	8	species	were	not	assessed	(blank).		
Table	4.1	Genustrait	assessment	of	the	sensitivity	of	selected	species	to	bottom	contacting	fishery	
(http://www.genustraithandbook.org.uk).	Some	additions	have	been	made	on	basis	of	related	
species	from	literature	and	or	expert	judgment	(Rob	Witbaard,	NIOZ).	
Faunaclass  Species  Biota/ 
sediment 
Area  Faunatype     Lifespan  Assessed 
            juvenile  adult       
Annelida‐ 
Polychaeta 
Nephtys incisa  muddy 
sand 
FF  LT 
planktonic 
short 
range 
mobility 
3‐10 yrs  robust 
Bivalvia  Acanthocardia 
echinata 
gravelly 
muddy 
sand 
COG  LT 
planktonic 
short 
range 
mobility 
>10 yrs  intermediate 
Bivalvia  Corbula gibba  gravelly 
muddy 
sand 
COG  LT 
planktonic 
short 
range 
mobility 
1‐2 yrs  robust 
Bivalvia  Thracia 
convexa 
gravelly 
muddy 
sand 
FF  LT/ST 
planktonic 
short 
range 
mobility 
>10 yrs  vulnerable 
Echinodermata‐ 
Echinoidea 
Brissopsis 
lyrifera 
sandy 
mud 
COG  LT 
planktonic 
short 
range 
mobility 
3‐10 yrs  vulnerable 
Echinodermata‐ 
Ophiurida 
Amphiura 
filiformis 
sandy 
gravel 
FF + 
COG 
LT 
planktonic 
adult  >10 yrs  Robust 
Gastropoda  Turritella 
communis 
muddy 
sand 
FF + 
COG 
?  short 
range 
mobility 
3 yrs?  ? 
(intermediate 
to robust) 
Malacostraca  Callianassa 
subterranea 
sandy 
mud 
FF + 
COG 
LT 
planktonic, 
brooded or 
laid eggs 
short 
range 
mobility 
1‐10 yrs  robust 
Malacostraca  Corystes 
cassivelaunus 
sand  FF  LT 
planktonic 
adult  3‐10 yrs  robust 
Malacostraca  Goneplax 
rhomboides 
?  FF  ?  ?  ?  ? 
Malacostraca  Upogebia 
deltaura 
muddy 
sand 
FF  LT 
planktonic, 
brooded or 
laid eggs 
short 
range 
mobility 
3‐10 yrs  robust 
Malacostraca  Upogebia 
stellata 
muddy 
sand 
COG  LT 
planktonic, 
brooded or 
laid eggs 
short 
range 
mobility 
3‐10 yrs  robust 
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Faunaclass  Species  Biota/ 
sediment 
Area  Faunatype     Lifespan  Assessed 
Polychaeta  Atherospio 
guillei  
?  FF  ?  ?  ?  ? 
Bivalvia  Dosinia lupinus  muddy 
sand 
gravel 
FF + 
COG 
LT 
planktonic 
short 
range 
mobility 
>10 yrs  intermediate 
Gastropoda  Euspira 
pulchella 
muddy 
sand 
FF  ?  ?  ?  ? 
Echinoidea  Echinocardium 
cordatum 
sand + 
mud 
FF + 
COG 
LT 
planktonic 
short 
range 
mobility 
>10 yrs  intermediate 
Holothuridea  Leptosynapta 
inhaerens  
muddy 
sandy 
gravel 
FF  Brooded or 
laid eggs 
Short 
range 
mobility 
?  vulnerable 
Polychaeta  Oxydromus 
flexuosus  
?  FF  ?  ?  ?  ? 
Ophiuridea  Ophiura albida    Muddy 
sand 
FF  LT 
planktonic 
Short 
range 
mobility 
3‐10 yrs  robust 
Polychaeta  Podarkeopsis 
helgolandica   
?  FF  ST 
planktonic 
Adult, 
Short 
range 
mobility 
?  ? 
Polychaeta  Aphrodita 
aculeata   
Muddy 
sand 
COG  ?  ?  ?  ? 
Bivalvia  Arctica 
islandica   
Muddy 
sand 
COG  LT 
planktonic 
Short 
range 
mobility 
>10 yrs  vulnerable 
Polychaeta  Chaetopterus 
variopedatus   
Muddy 
sand 
COG  LT 
planktonic 
Short 
range 
mobility 
?  ? 
Bivalvia  Chamelea 
striatula   
sand + 
mud 
COG  LT 
planktonic 
Short 
range 
mobility 
>10 yrs  vulnerable 
Gastropoda  Cylichna 
cylindracea   
?  COG  ?  ?  ?  ? 
Contrary	to	the	genustrait	handbook,	we	would	assess	Amphiura	to	be	quite	sensitive	to	
fishery	impact,	due	to	the	long	lifespan	and	the	vulnerability	of	especially	the	small	and	
fragile,	shallow	living	juvenile	individuals.	However,	the	regenerative	capability	of	this	
species	is	high.	
Turritella	communis	is	estimated	to	be	intermediate	to	robust	by	R.	Witbaard	(pers.	
comm.)	based	on	the	relatively	thick	and	strong	shell.	Its	shell	size	is	a	few	cm.	In	
combination,	this	would	make	it	a	robust	species.	The	estimated	lifespan	of	3	yrs	is	
based	on	tropical	species,	the	lifespan	in	moderate	waters	is	not	known.	
Callianassa	is	supposed	to	be	intermediate	sensitive,	based	on	the	study	by	Duineveld	et	
al.	(2007),	similar	to	Goneplax	and	Upogebia	spp.		
Goneplax	rhomboides	is	a	relatively	new	species	to	the	area	(first	noticed	in	2003;	
Neumann	et	al.,	2013)	and	digs	shallow	holes	by	which	some	protection	to	fishery	may	
be	offered.	The	species	seems	to	be	expanding.	
Dosinia	lupinus	is	not	usually	found	in	gravel	(R.	Witbaard,	pers.	comm.),	but	instead	
rather	the	closely	related	Dosinia	exoleta.	
	 32
Chaetopterus	variopedatus	(parchment	worm),	lives	in	a	tube;	the	worm	itself	is	weak.	
Wijnhoven	&	Bos	(2017)	attributed	an	indicator	score	of	0.8	for	the	intensity	of	bottom	
fishery,	and	0.3	for	the	frequency	of	fishery.	R.	Witbaard	(pers	comm.)	would	regard	the	
species	as	vulnerable,	since	it	extends	a	few	cm	above	the	sediment	surface,	builds	a	soft	
tube,	whereas	the	worm	itself	is	very	soft	without	any	firm	structure.	
Cylichna	cylindracea	is	a	very	small	gastropod	with	a	thin	shell,	found	in	sandy	mud	like	
present	on	the	Frisian	Front	and	Central	Oyster	Grounds.	
Epifauna	
Because	of	the	muddy	sediments	with	a	lack	of	hard	substrate	surfaces,	sessile	epifauna	
is	practically	absent	and	therefore	of	low	relevance	for	the	determination	of	sensitivity	
to	bottom	trawling	in	the	Frisian	Front	and	Central	Oyster	Grounds,	at	least	in	the	
present	situation.	It	should	however	be	noted	that	in	historical	times	vast	areas	with	
biogenic	reefs	occurred	in	the	area,	in	which	sessile	fauna	had	a	prominent	appearance.	
For	the	present	day	situation	the	sessile	epifauna	is	therefore	left	outside	of	the	
considerations	about	the	impact	of	sea	bed	disturbance.		
However,	the	Frisian	Front	and	Central	Oyster	Grounds	do	host	mobile	epifauna	which	
consists	of	brittle	stars,	small	fish	species,	shrimps,	Nephrops,	Goneplax	and	other	crabs.	
These	live	on	the	surface	of	the	seabed	or	make	a	shallow	hide	in	the	soft	sediment	top	
layers	(and	can	also	be	categorised	under	benthic	infauna	in	that	case).	
Infauna	
The	benthic	infauna	of	the	sandy‐muddy	sediments	consists	of	burrowing	shrimps	
(Callianassa,	Upogebia	spp.),	large	or	long‐lived	bivalves	(Acanthocardia,	Arctica,	Dosinia,	
Thracia),	sea	urchins	and	polychaete	worms.	To	relate	to	the	footprint	of	different	
fishing	gear	(surface	or	subsurface;	Eigaard	et	al.,	2015)	the	benthic	infauna	can	be	
grouped	into:	
 Shallow	burrowing	species	(<2	cm):	either	small	species	or	juvenile	stadia	of	deeper	
living	species	which	comprise	several	taxonomic	groups	like	Echinoderms,	Polychaetes,	
Crustaceans	and	Molluscs.	They	comprise	species	such	as	A.	filiformis,	Echinocardium	
and	bivalves	like	Acanthocardia,	Arctica,	Dosinia,	Thracia	and	many	more.		
 Deep	burrowing	species	(>2	cm):	adult	bivalves	(Arctica,	Dosinia),	worms,	digging	
Crustaceans	(e.g.	C.	subterranea,	Upogebia),	Ribbonworms,	Polychaetes	and	
Echinoderms.	
Many	deep	living	species	also	occur	at	the	sediment	surface	as	they	move	up	and	down,	
or	different	life	stages	live	at	different	depths.	An	example	of	this	are	bivalves	which	live	
at	depth	as	adults,	but	as	a	juvenile	they	live	in	the	upper	sediment	layers.	Examples	are	
the	bivalves	Mya	truncata	and	Arctica	islandica.	Settlers	of	these	bivalves	start	at	a	size	
of	~200	µm	and	it	takes	them	several	years	to	attain	a	shell	height	of	5	cm.	In	the	
juvenile	phase	shells	are	thin	and	easily	damaged.	With	ageing	they	gradually	move	to	
deeper	sediment	strata.	The	sensitivity	of	large	bivalves	has	been	illustrated	by	
Witbaard	and	Klein	(1994)	who	estimated	a	size	–	strength	relationship	for	Arctica	
islandica	and	demonstrated	that	both	adults	and	juveniles	are	highly	sensitive	for	all	
physical	pressures.	Arctica	islandica	can	be	damaged	by	abrasion	due	to	mobile	fishing	
gear,	e.g.	beam	trawls	and	otter	trawls.	The	decline	in	the	population	of	Arctica	islandica	
in	the	southeastern	North	Sea	corresponds	with	the	intensity	of	beam	trawling	
(Witbaard	&	Klein,	1994;	OSPAR,	2009).	
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4.3 Impacts of mobile demersal fishing gear 
In	this	paragraph,	the	impact	on	the	typical	species	and	habitats	is	described	per	type	of	
mobile	bottom	contacting	fishing	gear.	For	our	impact	assessment	of	the	demersal	
fisheries	on	the	Frisian	Front	and	Oyster	Grounds,	we	can	focus	on	the	beam	trawl	
(TBB),	otter	trawl	(OTB,	PTB),	Danish	seine	(SDN)	and	Scottish	seine	(SSC)	fisheries.	The	
habitats	of	concern	are	the	soft	sediments	with	a	high	mud	content.		
4.3.1 Beam trawl 
Towed	bottom	contacting	fishing	gears	have	been	demonstrated	to	alter	the	structure	of	
the	bottom.	Linnane	et	al.	(2000)	give	an	overview	table	of	penetration	depths	of	
various	fishing	gears	on	a	suite	of	bottom	types	(Table	4.2).	It	is	directly	evident	from	
the	table	that	in	softer	bottoms	the	penetration	depth	is	greater.	According	to	Paschen	et	
al.	(2000)	a	beam	trawl	gear	has	a	bottom	penetration	of	1	to	8	cm,	in	the	same	range	as	
reported	by	Linnane	et	al.	(2000).		
In	a	recent	study	(Depestele	et	al.,	2016)	studied	the	penetration	depth	of	tickler	versus	
pulse	trawl	gears	on	a	sandy	bottom.	They	demonstrated	that	for	a	tickler	chain	the	
penetration	depth	depended	on	the	diameter	of	the	chains	and	that	the	trawl	shoe	on	
hard	sand	might	still	create	8mm	deep	furrows	similar	to	the	depth	caused	by	the	18	
mm	tickler	chain.	It	is	conceivable	that	these	depths	are	greater	in	soft	sediments,	like	
those	found	in	the	Oyster	Grounds	and	Frisian	Front.	It	is	thus	beyond	doubt	that	these	
gears	produce	tracks	on	the	seafloor.	This	has	also	been	witnessed	in	side‐scan	
observations	(pers.	comm	Rob	Witbaard,	NIOZ).	
While	gears	on	hard	sand	and	gravel	bottoms	might	displace	and	reorient	cobbles	and	
stones,	in	soft	bottoms	the	vertical	sediment	structure	is	modified	(Rosenberg	et	al.	
2003)	and	disturbed	and	depending	on	gear	type	and	bottom	a	higher	or	lesser	degree	
of	compaction	results.	Compaction	also	depends	on	the	beam	trawl	gear	component	
involved	(shoe,	ground	rope	etc.).	The	effects	of	these	processes	(removal	of	top	
sediment	layer	and	disturbance	of	bottom	structure)	is	likely	to	have	an	impact	on	
bottom	water	exchange	processes,	i.e.	nutrient	and	oxygen	exchange.	Compaction	might	
cause	fractures	in	shells	and	Vasconcelos	et	al.	(2011)	demonstrated	that	this	effect	
depends	on	the	size	of	the	shell,	with	larger	shells	being	more	sensitive	for	compacting	
forces.	
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Table	4.2.	Summary	of	bottom	trawling	gear	penetration	estimates	(Based	on	Linnane	et	al.,	2000).	
The	beam	trawl	fishery	is	characterised	by	a	high	percentage	of	discards	(40‐60%	
STECF,	Dutch	fleet	in	2008:	35%,	Van	Helmond	&	Van	Overzee,	2010).	A	regular	
availability	of	discards	favours	scavengers	that	dominate	heavily	fished	areas	(e.g.	
Kaiser	et	al.,	2002)	and	may	even	lead	to	a	change	in	food	web	structure	(Hintz	et	al	
2017).		
Kaiser	et	al.	(2006)	report	42%	initial	reduction	in	abundance	of	benthic	taxa	after	
experimental	trawling.	Bergman	and	van	Santbrink	(2000)	estimated	direct	mortality	
for	a	number	of	species	and	Witbaard	and	Klein	(1994)	demonstrated	the	detrimental	
effect	of	beam	trawls	on	the	large	bivalve	Arctica	islandica.	Direct	effects	on	other	
species	has	also	been	witnessed	(Mensink,	2000).	Especially	large	(catchability)	and	
often	long‐lived	species	are	affected	and	as	such	the	principle	of	fishing	down	the	food	
web	also	holds	for	benthic	communities.	
4.3.2 Pulse trawl ('pulskor'	&	'pulswing'	bottom	trawls) 
Since	2009,	there	has	been	a	rapid	transition	by	Dutch	fishermen	from	traditional	beam	
trawling	to	pulse	trawling.	Beam	trawling	works	by	dragging	tickler	chains	across	the	
seabed	to	startle	the	fish	and	make	them	leap	into	the	net.	In	pulse	trawling,	the	most	
commonly	used	techniques	are	the	'pulskor'	(pulse	trawl)	and	'pulswing'	(pulse	wing).	
Both	are	based	on	a	system	in	which	the	tickler	chains	have	been	replaced	by	a	system	
which	emits	short	electric	pulses	on	a	part	of	the	seabed.	The	emitted	electrical	pulses	
make	the	muscles	of	the	fish	contract,	whereupon	the	fish	"jumps"	from	the	seabed	and	
land	in	the	net.	The	pulse	trawl	is	thought	to	run	lighter	over	the	seabed	than	the	
traditional	beam	trawl	(by	the	absence	of	tickler	chains),	and	as	a	consequence	does	not	
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penetrate	as	deeply	into	the	seabed	(Depestele	et	al.,	2016).	In	addition,	as	the	fishing	
speed	of	pulse	trawlers	is	slower	(5	instead	of	6.5	knots),	the	trawled	distance	per	hour	
is	23%	less	and	the	overall	fished	surface	is	accordingly	smaller	(Van	Marlen	et	al,	
2014).	
An	overview	of	the	current	European	pulse	fishing	research	is	found	in	the	final	report	
of	the	ICES	working	group	on	electrical	trawling	(ICES	WGELECTRA	2017).	They	note	
that	no	studies	have	been	done	on	the	effect	of	pulse	stimulation	on	the	functioning	of	
the	benthic	ecosystem	and	nutrient	dynamics	but	conclude	that	in	ecological	terms,	the	
replacement	of	the	tickler	chain	beam	trawl	with	pulse	trawl	with	electrodes	diminish	
the	mechanical	impact	of	trawling	on	the	North	Sea	benthic	ecosystem.	Although	the	
irreversible	effects	of	electrical	stimulation	seem	to	be	restricted	to	the	vertebral	
fractures	in	cod	and	whiting,	further	research	on	the	effects	of	electrical	stimulation	on	
marine	organisms	and	ecosystem	functioning	is	needed	to	assess	the	effects	on	the	scale	
of	the	North	Sea.	Another	unintended	effect	might	be	that	the	lighter	pulse	gear	enables	
fishery	on	softer	bottoms	than	is	possible	with	traditional	(tickler	chain)	beam	trawls.	
This	might	lead	to	an	extension	of	fishing	areas	which	were	formerly	unaffected.	
	
Pulse	trawls	are	thought	to	penetrate	less	deep	in	the	bottom	than	traditional	beam	
trawls:	Depestele	et	al.	(2016)	predicted	a	(modelled)	pulse	trawl	shoe	penetration	
depth	of	60	mm,	while	the	rest	of	the	(pulse)	gear	had	a	much	shallower	penetration,	
predicted	to	affect	the	top	3.5	to	5	mm	of	the	seafloor	(sand).	The	shallower	penetration	
is	substantiated	by	the	observed	lower	discard	rates	and	the	distinctly	reduced	by‐catch	
of	undersized	fish	and	benthos	(30‐50%	fewer	fish	discards,	48‐73%	fewer	benthic	
species)	(Quirijns	et	al.,	2015,	Van	Marlen	et	al.,	2014).		The	modelled	penetration	
depths	of	the	different	gear	components	(ground	rope,	trawl	shoes)	indicates	that	the	
configuration	of	the	tested	gears	makes	a	difference	which,	complicates	our	ability	to	
generalize	the	physical	impacts	of	a	certain	gear	type	(Depestele	et	al.,	2016).	The	
combined	impact	thus	depends	on	the	used	gear	components.	Therefore	it	is	not	
possible	to	give	absolute	numbers	of	impact	depth.	Effects	of	gears	on	the	bottom	will	
continuously	change	in	time	because	of	technological	developments	and	changing	
fishing	practices	(Eigaard	et	al	,2016).	
The	effects	of	pulse	gears		in	the	trawl	track	itself	are	still	unclear.	Bergman	and	
Meesters	(unpublished)	are	presently	analysing	mortality	data	in	the	trawlpath	of	a	
pulse	trawl,	but	these	results	are	not	yet	available.	Studies	that	examined	short‐term	
effects	of	pulse	trawling	have	documented	changes	in	the	abundance	of	some	infaunal	
and	epifaunal	taxa,	such	as	Polychaetes,	Nematodes,	and	benthic	Diatoms,	which	mimick	
effects	of	natural	disturbance.	The	electrical	pulses	might	also	affect	the	sediment	water	
exchange	either	directly,	or	by	influencing	bio‐irrigating	and	bioturbating	fauna	(ICES	
WGELECTRA,	2017).	The	few	available	laboratory	studies	indicate	that	some	benthic	
species	respond	to	the	pulse	and	others	do	not	respond.	Long‐term	effects	on	benthos	of	
being	exposed	to	a	pulse	are	largely	unknown.	Currently,	these	(biogeochemical)	
aspects	are	being	investigated	by	Wageningen	Marine	Research	as	part	of	the	
PULSEFISHING	project	but	no	reports	are	available	yet	(Effecten	van	de	platvisvisserij	
met	de	pulskor	op	het	ecosysteem;	2016‐2019),	financed	by	the	Ministry	of	Economic	
Affairs	(EZ)	(https://www.wur.nl/en/project/Impacts‐of‐pulse‐fishing‐for‐flatfish‐on‐
the‐ecosystem‐.htm).		
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This	illustrates	that		although	the	effects	of	the	pulse	gear	seems	to	be	less	when	
compared	to	the	traditional	tickler	chain	trawl,	the	bottom	contact	of	the	gear	still	
influences	the	seafloor	integrity.		
4.3.3 Otter board trawl 
The	otter	boards	penetrate	a	substrate	about	1‐25	cm	to	resuspend	the	sediment	and	
chase	the	target	fish	species,	whereas	the	ground‐ropes	glide	or	hop	over	the	seabed	
and	penetrate	0.5‐6.5	cm	depending	its	construction	(van	Marlen	et	al.,	2010).	
Depending	on	the	sediment	type,	the	trawl	doors	can	dig	up	a	trench/furrow	of	up	to	35	
cm	deep	and	transfer	large	amounts	of	sediments	onto	either	side	of	their	path	
(Lucchetti	and	Sala,	2012,	in	Eigaard	et	al.	(2015)).		
The	impact	of	otter	board	trawls	on	mud	are	reviewed	by	Johnsson	(2002),	and	three	of	
the	four	papers	summarized	by	Johnsson	involved	experimental	manipulations.	Those	
that	address	physical	effects	report	that	trawl	doors	leave	tracks	in	the	sediment	that	
remain	visible	for	up	to	18	months.	A	short‐term	study	conducted	in	fishing	grounds	
reports	no	change	in	species	composition,	but	an	increase	in	infauna	abundance	in	
response	to	trawling.	A	long‐term	study	in	an	area	closed	to	fishing	reports	that	
prolonged	fishing	results	in	increased	species	richness,	decreased	diversity,	and	no	
change	in	total	abundance	or	biomass.		
On	sandy	sediments,	based	on	the	results	of	11	studies	(6	of	which	involved	
experimental	trawling),	physical	effects	of	trawling	on	sand	habitat	include	trawl	door	
tracks	left	on	the	seafloor,	smoothed	sediments,	and	removal	of	biogenic	mounds.	At	
greater	depths	(>120	m)	tracks	were	evident	up	to	1	year	after	trawling.	At	shallow	sites	
(<	7	m)	tracks	were	no	longer	visible	after	a	few	days.	The	four	studies	that	examined	
effects	of	chronic	otter	trawling	on	sand	habitat	documented	decreased	abundance	and	
biomass	of	sedentary	macrofauna,	and	decreased	diversity	(Johnsson,	2002).		
The	otter	board	trawl	fishery	is	characterised	by	a	discard	percentage	of	up	to	28%,	
which	is	'modest'	compared	to	discard	rates	of	beam	trawl	fisheries	of	70%	(flatfish	
beam	trawl)	to	83%	(shrimp	and	Nephrops	beam	trawl),	whereas	the	fishery	directed	at	
sandeel	(and	Norway	pout)	has,	in	contrast,	a	discard	rate	of	<1%	(Kelleher,	2005).		
O'Neill	and	Ivanović	(2016)	reviewed	research	on	the	mechanical	impact	of	towed	
bottom	fishing	gears	with	the	aim	to	come	to	predictive	models	and	refer	to	the	
numerous	field	studies	demonstrating	such	effect.	Swinghammer	et	al.	(1998)	reported	
on	the	observed	changes	of	the	seabed	and	sediment	properties	of	trawled	areas	(otter)	
in	comparison	to	untrawled	areas.	Sediment	topography	and	roughness	changed	and	
reduced	the	superficial	biogenic	sediment	structure	and	the	presence	of	flocculated	
organic	material.	The	study	of	Martín	et	al.	(2014)	showed	that	turbidity	in	a	submarine	
canyon	in	the	Mediterranean	was	dominated	both	in	magnitude	and	in	temporal	
patterns	by	resuspension	caused	by	fisheries	and	caused	intermediate	nephloid	layers	
and	peak	suspended	particulate	matter	(spm)	concentrations	of	>200	mg/l.	An	
experimental	study	in	the	Bay	of	Biscay	similarly	demonstrated	the	resuspension	effect	
of	trawl	doors	and	its	effect	on	sediment	granulometry,	i.e.	a	gradual	coarsening	of	the	
sediments	in	the	most	heavily	fished	area	between	1967	and	2014	(Mengual	et	al.,	
2016).		
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4.3.4 Fly‐shoot/ Danish seines 
The	ground	ropes	of	the	fly‐shoot	and	Danish	seine	cause	abrasion	and	resuspension	of	
the	sediments	and	the	gear	can	cause	collision	impact	with	hard	and/or	fragile	
structures	(Rijnsdorp,	2015).	The	fly‐shoot	and	Danish	seine	have	a	large	footprint	in	
terms	of	the	fished	surface	(1.5	x	the	circle	made	by	the	fishing	line),	but	there	are	
hardly	any	empirical	studies	on	the	benthic	impact	of	Danish	seine	or	Scottish	seine	(fly‐
shoot)	fishery	(Rijnsdorp,	2015,	Bureau	Waardenburg,	2017).	According	to	Huse	et	al.	
(2003),	traditionally	the	seine	net	fishery	took	place	on	very	smooth	and	sandy	bottoms.	
Consequently,	the	gear	has	to	touch	bottom	with	some	or	all	of	its	components,	which	
means	ground	rope	and	herding	ropes	(note	that	no	trawl	doors	are	present).	The	
bottom	touching	parts	of	the	gear	will	have	some	effect	on	the	substrate	by	shifting	
small	amounts	of	sediments	(Huse	et	al.,	2003).	Key	issue	in	assessing	the	gear	impact	is	
the	nature	of	the	contact	between	seine	net	and	sea	bottom,	which	is	surmised	to	be	
light,	although	a	moving	ground	rope	can	be	expected	to	affect	the	epifauna	and	cause	
resuspension.	Deerenberg	et	al.	(2010)	presume	that	the	induced	turbidity	will	be	low	
due	to	the	relatively	light	contact	of	the	ground	rope	with	the	sea	bottom.	
The	seine	fishery	has	low	discards	rates	of	less	than	5%	(Kelleher,	2005).	Given	the	high	
catches,	this	still	amounts	to	large	volumes	of	discarded	fish	and	benthos.	A	regular	
availability	of	discards	favours	scavengers	that	dominate	heavily	fished	areas	(e.g.	
Kaiser	et	al.	2002).	In	the	Northeast	Atlantic	(South	of	Portugal)	discards	in	this	type	of	
fishery	consist	mainly	of	pelagic	species	and	juveniles	of	the	target	species	(Gonçalves	et	
al.,	2008).	
Fly‐shoot	towing	speed	is	low	at	the	start,	but	increases	to	the	end	of	the	tow	and	is	then	
comparable	to	other	bottom	trawl	gears	(Rijnsdorp,	2015).	The	physical	'sub‐surface'	
impact	inside	the	fished	surface	is	not	much	different	between	fly‐shoot,	Danish	seine	on	
one	hand	and	otter	trawl	and	beam	trawl	on	the	other	hand.	However,	the	fly‐shoot,	of	
all	mobile	bottom	contacting	gears,	has	the	largest	surface	footprint	(1.6	km2/h	for	an	
average	vessel,	compared	to	0.3‐1.2	km2/h	for	a	beam	trawl	or	otter	trawl)	(Rijnsdorp,	
2015;	Eigaard	et	al.,	2016).		
For	Danish	seining,	which	is	suggested	to	be	more	low‐impact	than	fly‐shooting,	there	is	
likely	a	difference	in	the	gear	configurations	between	the	coastal	fleet	(from	which	most	
of	the	scientific	evidence	was	derived)	and	the	larger‐scale	offshore	Danish	seiners.	The	
former	use	thin	rope	while	the	offshore	fleet	likely	use	heavier,	thicker	ropes	(pers.	
comm.	Thomas	Kirk	Sørensen	WWF‐DK	to	Thomas	Rammelt).	
Since	the	Frisian	Front	and	Central	Oyster	Grounds	are	areas	with	relatively	low	natural	
dynamics,	the	benthic	impact	of	fly‐shoot	fishery	is	assumed	to	be	large	compared	to	the	
impact	by	natural	causes	(Rijnsdorp,	2015).	
4.3.5 Comparison of gear impact 
Aspects	of	fisheries,	based	on	the	categories	in	Deerenberg	et	al.	(2010)	and	MarLIN	
(see	Table	4.2),	are	related	to	the	pressures	and	impacts	of	beam	trawl‐otter	trawl‐
Scottish	seine/fly‐shoot	‐	Danish	seine	and	pulse	trawl.	In	this	overview	the	fishing	
gears	are	ranked	from	gear	with	a	small	but	deep	footprint	(beam	trawl)	to	gear	with	
large	but	superficial	footprint	(Danish	seine),	and	all	intermediate	forms.		
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Table	4.2	Impact	comparison	of	demersal	fishing	gear	on	the	fauna	and	abiota	(Deerenberg	et	al.,	
2010	versus	MarLIN	http://www.marlin.ac.uk)	and	the	type	of	effect	for	different	fishing	gears,	
based	on	literature	in	combination	with	our	own	expert	judgement.	
	
As	mentioned	in	4.1	and	based	on	Eigaard	et	al.	(2016),	fly‐shoot	and	otter	trawls,	in	
particular	twin	trawls,	have	a	large	surface	footprint	(<	2	cm)	as	compared	to	for	
instance	beam	trawls	used	in	the	flatfish	fishery.	The	flatfish	beam	trawls,	however,	
have	a	relatively	large	subsurface	footprint	(>	2	cm)	because	all	gear	components	
penetrate	into	the	seabed.	When	comparing	different	types	of	seine	nets,	the	Scottish	
seine	(or	fly‐shoot)	is	expected	to	have	a	larger	impact	than	the	Danish	seine	due	to	its	
weight,	thicker	ropes,	and	larger	area	footprint.	The	'footprint'	of	a	pulse	trawl	appears	
at	first	sight	to	be	less	than	that	of	a	beam	trawl	but	a	counteracting	side	effect	can	be	
that	the	fishery	distribution	may	change	because	the	lighter	pulse	gear	can	fish	on	soft	
bottomed	fishing	grounds	that	could	not	be	fished	before.	
Thus	although	the	bottom	impact	('footprint')	of	Danish	and	Scottish	seines	or	pulse	
fishery	appears	to	be	less	than	that	of	the	traditional	beam	trawls	and	otter	trawls	they	
all	lead	to	a	decrease	in	seafloor	integrity	and	thus	potentially	have	impact	on	the	
conservation	objectives	of	the	Frisian	Front	and	Central	Oystergrounds	management	
zones..	The	fishery	impact	is	described	in	detail	in	the	following	section.		
4.4 Impact on conservation objectives  
The	effects	of	seabed	disturbance	by	bottom	contacting	fishery	were	demonstrated	in	
many	studies	and	comprise	increased	mortality	rates	of	non‐target	species	(Bergman	
and	Santbrink,	2000),	increased	scavenger	abundance	(Groenewold	and	Fonds,	2000),	
changed	food	web	structures	(Groenewold	2000,	Hinz	et	al.	2017),	changed	size	
distributions	(Van	Kooten	et	al.	2015),	and	reduced	abundances	(Duineveld	et	al.,	2007).	
In	addition,	the	boards	and	ticklers	expose	animals	to	the	sediment	surface	and	make	
them	vulnerable	to	predation,	or	make	them	spend	extra	energy	on	reburial	(R.	
Witbaard,	pers.	comm.).	Apart	from	the	direct	physical	contact	with	parts	of	the	fishing	
gear,	there	are	also	effects	of	compaction	of	the	sediment	(Vasconcelos	et	al.,	2011).	It	
appeared	that	small‐shelled	specimens	were	found	to	be	less	sensitive	to	compaction	
while	large	shells	are	more	vulnerable	to	compacting	forces.	Several	studies	show	that	
for	a	number	of	large	species	a	significant	percentage	of	the	caught	specimens	are	
seriously	damaged	(Witbaard	en	Klein,	1994,	Mensink	et	al.,	2000).	Other	studies	
showed	clear	differences	in	mortality	between	species	(Bergman	&	Santbrink,	2000).	
Rijnsdorp	et	al.	(2016)	asses	the	physical	impact	of	towed	nets	as	follows:	
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 Cables	and	ground	rope:	homogenise	texture	of	sea	bottom,	destroy	hard	
structures,	move	stones	or	shells	
 Otter	boards	or	tickler	chains:	penetrate	into	the	seabed	and	disturb	the	vertical	
structure	of	the	sediment		
In	summary,	the	impact	of	bottom	fishery	on	the	conservation	objectives	acts	through	
its	effect	on	seafloor	integrity	(with	consequences	for	mortality	rates	of	fauna	and	
community	succession)	by:	1.	gear	penetration	into	the	seabed	(depending	on	shape	and	
mass	of	the	gear;	higher	towing	speed	implicates	heavier	gear);	2.	collision	of	fishing	
gear	with	(hard)	structures	(depending	on	mass	of	the	gear	component	and	the	speed	at	
which	the	gear	is	dragged);	3.	re‐suspension	of	sediments	by	the	towed	fishing	gear	
(determined	by	the	grain	size	of	the	sediment	and	the	hydrodynamic	resistance	‐	which	
is	a	function	of	the	surface	area	of	the	gear	and	the	square	root	of	the	speed).	
According	to	Slijkerman	et	al.	(2013)	especially	long	living	species	are	affected	by	
bottom	fishery,	leading	to	a	shift	in	age	structure	towards	more	juveniles	or	even	the	
disappearance	of	species	that	have	an	irregular	or	absent	spatfall.	As	a	result	of	fishery	
impact,	the	sea	floor	is	homogenized,	having	a	negative	impact	on	deep	digging	species	
such	as	shrimps.	Those	species	are	important	for	the	structure,	chemical	conditions	and	
mineralization	of	the	sea	floor,	and	they	enhance	the	distribution	other	species	
(Slijkerman,	2013).	
Van	Kooten	et	al.	(2015)	analysed	to	what	extent	the	Frisian	Front	and	Central	Oyster	
Grounds	have	been	altered	by	demersal	fisheries,	in	terms	of	ecosystem	functions,	
species	richness	and	size	distributions.	On	the	basis	of	trait	analyses	they	found	a	
number	of	modalities	for	which	a	true	effect	of	fishing	is	likely	(see	table	below).	In	
particular,	the	modalities	‘exoskeleton’	and	‘predator’	are	more	abundant	in	fished	
areas,	possibly	representing	a	shift	in	community	composition	towards	more	mobile	
scavenger/predators	and	to	species	that	are	protected	against	damage.	Also,	an	increase	
in	the	relative	abundance	of	‘burrow	dwelling’	taxa	was	found	i.e.	mud	shrimps	such	as	
Callianassa.	These	live	deeply	buried	in	the	sediment,	where	they	are	largely	immune	to	
disturbance	of	the	top	sediment	layer.		
The	most	obvious	trait	modality	that	is	negatively	related	to	fishing	intensity	of	bottom	
trawling,	is	the	decline	of	infaunal	biomass	inhabiting	the	top	0‐5	cm	of	the	sediment.	
The	fact	that	species	occur	in	the	top	5	cm	of	the	sediment	means	that	they	are	
inevitably	affected	by	physical	disturbance	of	the	trawl	gear.	These	are	often	bivalves,	
which	are	generally	sensitive	to	bottom	trawling	(Tillin,	2006).		
Table	4.3.	Selection	of	traits	strongly	associated	with	fishing	(Van	Kooten	et	al.,	2015).	
	
In	some	species,	body	size	tends	to	be	smaller	in	heavily	fished	areas.	A	significant	
negative	relationship	between	size	and	fishing	intensity	was	demonstrated	for	the	large	
bivalve	Acanthocardia	echinatum	(Van	Kooten	et	al.,	2015).	Lack	of	data,	i.e.	the	absence	
of	large	vulnerable	species	in	the	heavily	fished	areas,	made	it	impossible	to	explore	the	
existence	of	this	relationship	for	other	species.	This	result	supports	previous	field	
studies	which	showed	a	high	impact	of	trawling	on	large	bivalve	species.	It	has	been	
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demonstrated	that	especially	Arctica	islandica	is	vulnerable	for	bottom	trawling	
(Witbaard	&	Klein,	1994).	The	almost	total	absence	of	this	species	from	the	most	heavily	
fished	areas	illustrates	the	long‐term	effect	of	bottom	disturbance	on	it.		
Considering	the	cited	literature,	based	on	the	best	available	data,	we	conclude	that	all	
mobile	bottom	contacting	gears	have	a	negative	impact	on	the	substratum	or	on	the	
water	column	turbidity	and	thus	on	the	vulnerable	in‐	and	epifauna	that	are	included	in	
the	conservation	goals	of	the	Frisian	Front	and	Central	Oyster	Grounds.	
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5 Cumulative effects 
The	North	Sea	is	of	a	great	economic	importance.	Some	economic	activities	are	directly	
related	to	the	sea	(e.g.	oil	and	gas	extraction,	fishing),	others	indirectly	(such	as	ports,	
industry	and	recreation).	The	North	Sea	is	also	important	for	transport	activities	
(shipping,	telecommunications,	energy	supply)	and	functions	for	which	there	is	
insufficient	space	on	land	(wind	energy,	sand	extraction).	Below,	a	short	description	is	
given	of	the	relevant	activities	and	their	cumulative	effects	based	on	the	integrated	
management	plan	of	the	North	Sea	(2015).		
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Figure	5.1.	Activities	in	the	North	Sea	(Beleidsnota	Noordzee	2016‐2021).	
Shipping	
The	North	Sea	poses	very	busy	shipping	lanes.	Figure	5.1	gives	an	impression	of	the	
shipping	intensities.	The	Dutch	seaports	are	junctions	for	international	trading	and	a	
location	for	industry	and	services.	Possible	cumulative	effects	of	shipping	are:	its	
contribution	to	underwater	sound	and	visual	disturbance,	and	shipping	is	a	source	of	
pollution.	The	effects	of	shipping	on	bottom	integrity	and	benthos	fauna	are	neglectable.		
	
Military	use		
The	North	Sea	is	important	to	the	armed	forces,	for	training	and	exercising	purposes.	
The	space	requirement	for	these	activities	is	laid	down	in	a	separate	key	planning	
decision,	named	Second	Structure	Plan	Military	Grounds.	In	this	plan	the	areas	are	
designated	for	these	activities.	In	the	absence	of	exercises	these	areas	are	available	to	
other	users.	There	are	a	number	of	dumping	areas	for	ammunition	in	the	North	Sea,	but	
dumping	has	been	banned	for	some	time	now.		Cumulative	effects	on	bottom	integrity	
and	benthos	fauna	are	not	expected.		
Energy	
Extraction	and	exploration	of	oil	and	natural	gas	reserves	has	always	been	an	important	
economic	activity	on	the	North	Sea.	Figure	5.2	depicts	the	distribution	of	platforms	of	
different	companies	on	the	Dutch	Continental	Shelf	(DCS).	This	industry	is,	however,	
under	pressure	by	the	low	oil	and	gas	prices	and	the	transition	to	an	economy	based	on	
the	use	of	sustainable	energy.	The	cessation	of	production	and	the	decommissioning	of	
old	platforms	are	issues	that	will	become	increasingly	relevant	in	the	near	future,	much	
depending	on	the	development	of	the	oil	and	gas	prices.	
Gas	exploitation	is	happening	in	both	areas,	but	especially	in	and	close	to	the	Frisian	
Front	(14	platforms).	In	the	Central	Oyster	grounds	only	1	platform	is	stationed	
(Slijkerman	et	al.,	2013).	Beside	the	exploitation	of	the	current	platforms,	explorative	
activities	(e.g.	seismic	research)	and	drilling	activities	also	take	place	in	the	areas.	New	
developments	are	the	system	integration	of	different	sources	of	offshore	energy	but	the	
implications	of	that	for	the	ecosystem	are	as	yet	not	known.	A	recent	prospectus	of	EBN,	
the	institution	that	invests	in	the	exploration	for	and	production	of	oil	and	natural	gas	
AO,	gives	some	insight	in	the	envisaged	developments	(EBN,	2016:	Focus	Dutch	Oil	and	
Gas	2016).		
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Figure	5.2	Overview	of	platforms	in	the	DCS.	Source:	https://www.ebn.nl/wp‐
content/uploads/2016/12/Focus‐Dutch‐Oil‐and‐Gas‐2016.pdf.	
Compared	to	the	scale	of	bottom	fishing,	the	footprint	of	these	activities	is	small.	Direct	
effects	on	the	seabed	and	the	benthic	fauna	are	related	to	the	unavailability	of	the	
substrate	(habitat	loss)	at	the	site	of	the	platform.	The	impact	on	the	targets	for	
indicator	species	depends	on	the	scale	of	extraction	(amount	of	facilities)	in	the	area.	
With	the	current	number	of	facilities	in	the	areas,	the	estimated	area	loss	is	small	
according	to	Slijkerman	et	al.	(2013).	She	calculated	a	negligible	bottom	surface	loss	in	
Central	Oyster	Grounds	and	Frisian	Front,	assuming	a	loss	of	250	m2	per	facility	(gas	and	
oil)	(see	table	below).		
Table	5.1.	Expected	loss	of	surface	per	area	(Slijkerman	et	al.,	2013).	
	
Within	a	zone	of	500	m	surrounding	the	platforms,	other	activities	are	excluded	because	
of	safety	considerations.	In	this	way,	a	closed	area	for	fisheries	exists	which	can	function	
as	a	sanctuary	for	bottom	fauna	(see	also	Duineveld	et	al	2007)	.	The	pile	foundations	of	
platforms	locally	alter	the	habitat	from	soft	bottom	to	hard	substrate,	which	is	relative	
scarce	in	the	North	Sea.	Effects	of	this	change	towards	hard	substrate	on	the	ecosystem	
functioning	has	been	studied	for	one	platform	within	the	INSITE	project	
(https://www.insitenorthsea.org/).		
Drilling	of	(bore)holes	disturbs	the	bottom	substrate	by	placement	of	pipes,	the	drilling	
itself	and	the	release	of	cement	and	spacers.	A	surplus	of	cement	can	smother	bottom	
fauna.	The	surface	with	a	smothering	layer	of	more	than	1	mm	is	expected	to	be	less	
than	1	ha	(Tamis	et	al.,	2011	in	Slijkerman	et	al.,	2013).		
Cables	and	pipes	
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Currently	5	cable	trajectories	cross	the	Frisian	Front	and	a	couple	of	gas	pipes	that	are	
connected	to	gas	platforms.	In	the	Central	Oyster	Grounds	3	cables	and	a	limited	amount	
of	pipe	tracings	to	a	platform	in	the	southwestern	corner	of	the	area	are	present	
(Slijkerman	et	al.,	2013).		(Re)placement	can	lead	to	raised	turbidity	and	bottom	fauna	
in	the	tracing	is	affected	locally.	Placing	of	pipelines	disturbs	the	sediment	on	
approximately	10	m	on	both	sides	of	the	pipeline.	After	placement	a	fast	recovery	of	the	
bottom	structure	is	expected.	For	cables	the	effects	are	similar	(Slijkerman	et	al.,	2013).	
Electric	and/or	magnetic	fields	occur	when	cables	are	being	used,	the	impact	is	unclear.		
Wind	farms	
Offshore	wind	energy	has	developed	in	the	past	years,	with	a	number	of	three	nearshore	
wind	farms	that	are	operational.	The	turbine	parks	Egmond	at	Zee	(EAZ)	and	Prinses	
Amalia	Windpark	(PAW),	outside	the	12‐mile	zone,	have	a	surface	of	26,8	and	16,6	km2,	
respectively	(including	500	m	safety	zone).	Windpark	Luchterduinen	in	the	Hollandse	
Coastal	area	on	12	NM)	has	a	surface	of	25	km2.	The	Gemini	Offshore	Windpark	(on	34	
NM)	in	the	northern	area	of	the	Wadden	islands	is	currently	under	construction.	The	
surface	is	approximately	68	km2.		
Expansion	of	offshore	wind	energy	will	take	place	to	waters	north	of	the	Wadden	islands	
and	to	the	relatively	shallow	Dogger	Bank	in	the	North	Sea.	The	government	strives	to	
install	4,450	MW	of	wind	energy	on	the	North	Sea	operational	by	2023	(Nationaal	
Energieakkoord,	2017).	None	of	the	current	or	planned	parks	are	situated	in	Frisian	
Front	or	Central	Oyster	Grounds,	therefore	the	cumulative	effects	of	wind	farms	can	be	
left	out	of	scope.	
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Figure	5.3	Windenergy	in	the	EEZ	(Beleidsnota	Noordzee	2016‐2021).	
Extraction	of	surface	minerals	and	sand	
The	silt	rich	deep	areas	of	the	Frisian	Front	and	Central	Oyster	grounds	are	not	suitable	
for	aggregate	extraction.	Only	the	southern	part	of	the	Frisian	Front	is	part	of	a	potential	
extraction	area.	Currently,	no	extraction	of	surface	minerals	is	taking	place	(Slijkerman	
et	al.,	2013).	
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Cumulative	effects	of	sand	extraction	are	not	relevant	for	the	Oyster	Grounds	and	
Frisian	Front	since	none	of	these	activities	take	place	in	the	areas.	
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6 Discussion and recommendations 
In	this	chapter	an	overview	is	presented	of	the	conclusions	of	our	literature	review	and	
our	second	opinion	on	the	background	document	(BD).		
In	addition,	recommendations	are	given	to	improve	on	the	contents	of	the	BD.		
6.1 Scientific certainty 
ToR	–	Main	question	1	
Can	be	concluded	with	certainty,	leaving	no	reasonable	scientific	doubt,	that	in	case	
mobile	bottom	contacting	fishing	gears	would	be	allowed	in	the	management	zones	of	
these	areas,	the	delivery	of	the	conservation	objective,	as	defined	in	the	Dutch	Marine	
Strategy,	the	Marine	Strategy	Framework	Directive,	and	in	compliance	with	the	
criteria	of	the	Decision	of	the	EU	Commission	((EU)	2017/848),	will	not	be	
compromised?	
If	mobile	bottom	contacting	fishing	gears	would	be	allowed	in	the	management	zones	of	
the	Frisian	Front	and	Central	Oyster	Grounds,	the	delivery	of	the	conservation	
objectives	(especially	the	improvement	of	biodiversity	and	bottom	integrity)	will	be	
negatively	impacted.	This	is	the	case	for	gears	with	a	sub‐surface	impact,	but	perhaps	
even	more	so	for	gears	with	a	shallow	surface	impact	but	larger	area	footprint,	since	
several	typical	features	of	the	Frisian	Front	and	Central	Oyster	Grounds	protected	areas	
are	the	long‐lived,	filter‐feeding,	infauna,	living	in	the	upper	sediment	layer	of	the	
bottom	substrate.	
ToR	–	Main	question	2	
Can	it	be	concluded	with	certainty,	leaving	no	scientific	doubt,	that	allowing	bottom	
impacting	fisheries	in	the	remaining	area	outside	the	management	zones,	would	not	
jeopardize	the	delivery	of	the	conservation	objectives	of	these	sites	as	defined	in	the	
Dutch	Marine	Strategy,	the	Marine	Strategy	Framework	Directive,	and	in	compliance	
with	the	criteria	of	the	EU	Commission	Decision	(EU)	2017/848?	
Fishing	with	mobile	bottom	contacting	fishing	gears	in	the	non‐protected	areas	can	also	
jeopardize	the	goals	in	the	management	zones.	Bycatch	of	mobile	species	moving	out	of	
the	management	zone	poses	increased	mortality	of	these	species.	Changes	in	the	
population	structures	of	mobile	predators	and	scavenging	species	might	lead	to	changed	
predation	pressures	in	the	management	zones	and	resuspension	of	sediments	outside	
the	management	zones	is	likely	to	have	effects	in	the	"downstream"	areas,	causing	
smothering	and	having	effects	of	biogeochemical	water	column	and	bottom	processes	
inside	the	areas.		
Depending	on	the	timescale	which	one	is	considering,	it	can	even	be	argued	that	in	the	
last	century	the	area	(Oyster	Grounds)	has	changed	from	a	biotic	oyster	reef	into	a	soft	
sediment	habitat	partly	because	of	the	selective	fishing	for	Oysters.	Thus	the	judgement	
of	the	effects	of	present	day	fishing		also	depends	on	the	reference	situation	one	takes	in	
account.	For	the	present	day	soft	sediment	community	the	numbers	of	sensitive	species	
might	already	have	been	diminished	so	much	that		the	effects	of	bottom	disturbance	by	
fishing	gears	might	be	hard	to	detect.	Although	there	still	are	species	like	Sabella	or	
Chaetopterus	(Polychaeta)	which	encounter	serious	negative	effects	of	physical	damage	
and	increased	loads	of	SPM.	
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On	basis	of	the	effects	of	bottom	trawling	as	described	in	literature	it	is	unlikely	that	
only	closing	the	current	proposed	management	zones	will	provide	the	required	
certainty	that	the	delivery	of	the	conservation	objective	for	Frisian	Front	and	Central	
Oyster	Grounds	can	be	met	i.e.	would	not	be	jeopardized.		
	
6.2 Is the best available knowledge applied? 
Q2.	Sufficiency	of	literature	
ToR:	Is	there	sufficient	literature	available	to	support	the	conclusion	that	the	
favourable	conservation	status	of	the	MSFD	areas	is	ensured	in	case	of	a	management	
regime	which	allows	the	aforementioned	bottom	impacting	gears	in	the	management	
zones?		
The	Frisian	Front	and	Central	Oyster	Grounds	have	been	considered	as	search	areas	for	
spatial	measures	aiming	at	the	protection	of	benthos,	in	addition	to	seabed	protection	in	
Natura	2000	areas	on	the	Dutch	part	of	the	North	Sea	(GES‐descriptor	1,	biodiversity).	
The	conservation	objective	for	Frisian	Front	and	Central	Oyster	Grounds	is:	the	recovery	
of	substantial	parts	of	the	sea	bed	ecosystem	from	a	disrupted	state	towards	a	natural	
condition.		
There	is	an	acceptable	amount	of	knowledge	of	the	structure	and	functioning	of	these	
areas,	which	should	be	sufficient	to	understand	the	impact	of	human	activities	including	
fisheries.	However,	there	is,	and	will	remain,	substantial	scientific	uncertainty	on	the	
effects	of	fishery	because	the	impact	of	fishery	and	natural	factors	are	correlated	and	
cannot	be	separated,	hampering	any	conclusions	on	the	causality	of	the	dominant	
factors.	This	is	a	particular	challenge	in	the	Frisian	Front	and	Central	Oyster	Grounds	
areas	where	the	depth	of	the	area	is	such	that	natural	physical	impacts	influence	the	
bottom	ecosystem	as	well	as	anthropogenic	impacts.		
Despite	certain	scientific	uncertainties,	from	all	available	literature	it	becomes	evident	
that	allowing	bottom	impacting	fishery	in	the	management	zones	of	the	Frisian	Front	or	
the	Central	Oyster	Grounds	does	not	contribute	to	the	ecological	improvement	of	the	sea	
bed	ecosystem,	which	is	the	objective	of	the	Marine	Strategy	Framework	Directive.	To	
create	opportunities	for	a	natural	development	of	the	sea	bed	ecosystem	in	these	areas,	
an	impact	reduction	or	exclusion	of	the	bottom	fishery	appears	crucial.	This	said,	it	
should	also	be	acknowledged	that	exclusion	of	mobile	bottom	trawl	activities	alone	may	
not	be	sufficient	for	a	full	recovery	of	the	areas	as	regime	shifts	that	have	occurred	in	the	
past	are	not	easily	reversed.	Furthermore,	recovery	is	also	highly	dependent	on	
climatological	and	hydrological	conditions	that	are	changing.		
	
Q3.	Selective	use	of	literature	
ToR:	In	the	literature	review	the	question	will	be	answered	if	in	the	Background	
Document	selective	use	has	been	made	of	available	literature.		
a. Was	recent	literature	concerning	the	effects	of	the	afore	mentioned	bottom	
impacting	gears,	left	out	of	the	impact	analysis	in	the	Background	Document?		
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b. Were	conclusions	of	research,	which	have	been	used	in	the	Background	
Document	–	also	including	the	studies	by	A.	Rijnsdorp	(2015),	and	by	Eigaard	
et	al.	(2016)	–	correctly	reproduced?	
Ad	a.		
With	respect	to	the	area	description,	the	BD	does	not	refer	to	the	original	scientific	
publications	of	NIOZ	(nl)	or	CEFAS	(uk).	The	description	of	the	ecological	significance	of	
the	areas		is	not	in‐depth,	therefore	the	statements	on	the	uniqueness	of	the	areas	are	
insufficiently	supported	by	literature	references.	The	rationale	for	management	
measures	is	found	in	the	good	environmental	status	according	to	the	descriptors	of	the	
MFSD:	biological	diversity	and	sea‐floor	integrity.	The	descriptors	used	in	the	BD	focus	
the	attention	to	the	benthic	community,	with	typical	elements	being	'old	growing'	and	
'big	growing'	species.	However,	as	shown	by	Wijnhoven	&	Bos	(2017),	this	can	be	
specified	to	provide	a	better	description	of	the	typical	benthic	communities	that	are	
present	in	the	selected	areas	of	Frisian	Front	and	Central	Oyster	Grounds.	The	recent	
report	of	Wijnhoven	&	Bos	(2017),	supporting	the	choice	of	indicator	species,	was	not	
used	in	the	BD	but	should	be	cited	in	this	context.	
The	BD	does	not	mention	the	regime	shifts	that	occurred	in	the	benthic	community	of	
the	Frisian	Front	by	the	disappearance	of	large	areas	of	natural	oyster	reefs	c.	100	years	
ago,	or	the	recent	change	in	relative	densities	of	A.	filiformis	and	C.	subterranea	(see	par.	
3.3.2)	which	also	might	be	related	to	fishing	pressure.		
The	BD	interpretation	that	the	physical	impact	of	bottom	fishing	results	in	
homogenising	the	sea	floor,	having	a	negative	impact	on	deep	digging	species	such	as	
shrimps,	needs	clarification.	From	literature	there	are	indications	that	the	brittle	stars	
Amphiura,	living	in	the	top	layer	of	the	sediment	(0‐5	cm),	are	likely	to	be	influenced	
more	directly	by	bottom	contacting	fishing	gears	than	the	deep	living	burrowing	
crustaceans.	The	burrowing	crustaceans	furthermore	play	a	significant	role	in	modifying	
their	environment	by	expelling	fine	sediment	while	creating	their	burrows.	This	
continuous	sediment	reworking	might	inhibit	further	population	development	of	
Amphiura.	High	A.	filiformis	densities	increase	the	stability	of	the	seabed,	whereas	high	
C.	subterranea	densities	lead	to	decreased	stability	of	the	seabed	and	with	that	to	an	
increased	sensitivity	of	the	bed	to	re‐suspension	of	fine	particles	(Amaro,	2005).		
This	new,	and	possibly	steady	state	should	be	taken	into	account	in	the	BD,	as	it	could	
inhibit	the	resettlement	of	epifaunal	bivalves	like	the	European	flat	oyster	and	it	could	
contribute	to	a	slower	than	expected	recovery	of	the	disrupted	bottom	in	the	Frisian	
Front	and	Central	Oyster	Grounds.		
In	addition,	the	BD	does	not	mention	the	significant	decrease	in	water	clarity	that	has	
occurred	in	the	central	and	southern	North	Sea	over	the	second	half	of	the	20th	century.	
Capuzzo	et	al.	(2015)	suggest	that	the	reduction	in	underwater	light	availability	was	the	
result	of	a	combination	of	causes,	including	a	decrease	in	sea‐bed	integrity	and	changes	
in	benthic	community,	increased	trawling	effort,	windiness,	and	coastal	erosion	(see	
also	par.	3.3.3).	The	water	column	was	clearer	in	the	early	20th	century,	and	the	sea	
floor	was	colonized	by	a	benthic	community	including	oysters	(Ostrea	edulis),	and	
potentially	microphytobenthos	(Capuzzo	et	al.,	2015).	We	note	that	the	BD	is	not	dealing	
with	the	impact	of	raised	turbidity	by	resuspension	of	the	substrate	through	fishery	and	
the	possible	impact	on	oxygen	concentrations	in	the	BML	(bottom	mixed	layer)	in	
stratified	waters.	
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The	BD	should	take	into	account	the	above	statements.	
Ad	b.	
The	conclusions	of	Rijnsdorp	et	al.	(2016)	and	Eigaard	et	al.	(2016)	are	correctly	
reproduced.	However,	it	should	be	noted	that	different	life	stages	of	certain	species	
inhabit	different	layers	of	the	sediment.	Therefore,	these	species	are	sensitive	for	both	
surface	and	subsurface	bottom	disturbance.	An	example	of	a	consicuous	species	which	
lives	both	shallow	and	deep	(depending	on	its	age	and	the	feeding	conditions)	is	the	
bivalve	Arctica	islandica	among	many	other	species.	(see	also	par.	4.2).	
Concerning	Eigaard	et	al.	(2016),	it	can	be	noted	that	the	depth	to	which	bottom	
disturbance	is	taking	place	(surface,	sub‐surface)	is	not	determining	the	entire	effect.	
The	impact	of	similar	disturbance	depths	can	have	different	consequences	on	one	type	
of	substratum	(e.g.	2	cm	disturbance	depth	on	a	sandy	sediment	in	the	shallow	coastal	
zone)	or	another	(e.g.	the	same	on	a	fine	sediment	or	gravel	offshore	at	50	m	depth).	In	
other	words:	the	difference	in	sensitivity	of	different	substrates	is	left	out	of	the	
consideration	by	Eigaard	et	al.	(2016).	
The	Frisian	Front	is	more	intensively	fished	than	the	Oyster	Grounds.	The	Figure	9,	
presented	in	the	BD,	is	difficult	to	interpret	because	of	the	large	scale	and	should	focus	
on	the	areas	of	concern.	
The	BD	correctly,	but	incompletely,	reproduced	the	conclusions	of	research,	which	
means	that	the	potential	impact	of	bottom	fishery	is	not	described	in	full	and	is	not	
assessed	in	all	its	aspects.	This	poses	a	risk	of	being	unable	to	meet		the	conservation	
objectives,	in	case		bottom	contacting	fishing	gears	are	allowed,	both	inside	and	around	
the	management	zones.	
6.3 Is the impact assessment complete? 
Q1.	Scientific	justification	of	chosen	management	regime	
ToR:	Is	a	management	regime,	which	allows	the	afore	mentioned	bottom	impacting	
gears	in	the	management	zones,	scientifically	justified	and	hence	does	it	meet	the	
(sub)targets	for	benthos?		
As	discussed	in	par.	6.1	Q2,	we	estimate	that	allowing	bottom	impacting	fishery	in	the	
management	zones	of	the	Frisian	Front	or	the	Central	Oyster	Grounds	does	not	
contribute	to	the	ecological	improvement	of	the	sea	bed	ecosystem.	Exclusion	of	bottom	
trawling	from	these	zones	can	offer	the	opportunity	for	a	more	natural	development	
(however,	without	guarantee	for	improvement).		
Since	the	mid	1980ies	when	the	Frisian	Front	was	"discovered"	by	Creutzberg	this	area	
has	experienced	an	ever‐increasing	pressure	by	the	rapidly	developing	beam	trawl	fleet.	
Despite	early	warnings	of	the	detrimental	effects	of	the	heavy	beam	trawl	gears,	it	was	
hard	for	science	to	unequivocally	demonstrate	the	effects	of	bottom	trawling.	Partly	
because	the	used	methods	were	insufficiently	able,	in	relation	to	the	natural	and	spatial	
variability	and	the	different	scales	at	which	data	was	available,	to	prove	such	effects.	
However,	a	good	demonstration	of	the	long	term	(20	years)	effects	comes	from	the	
study	by	Duineveld	et	al.	(2007),	who	sampled	in	the	500	m‐protected	zone	surrounding	
a	gas	platform.	They	observed	marked	differences	in	densities	of	large	species	within	
(unfished)	and	outside	(fished)	the	protected	security	zone.		
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The	BD	states	that	biological	indicators	aim	to	indicate	improvement	of	these	quality	
aspects.	However,	the	basic	principle	of	a	suitable	biological	indicator	is	that	it	indicates	
the	quality	of	the	habitat	type	and	that	it	can	be	either	a	‘positive	indication’	(indicates	
quality	improvement)	or	a	‘negative	indication’	(indicates	quality	deterioration).	Of	
some	indicator	species	in	the	BISI,	it	is	not	clear	whether	an	increase	of	the	species	is	
indicating	quality	improvement	or	deterioration,	e.g.	the	burrowing	shrimps.	
Three	management	zones	were	appointed	based	on	the	'ecopoint'	[REFS]	method,	
focusing	on	the	current	status	of	the	benthic	ecosystem,	but	the	method	is	not	explained	
in	detail.	The	BD	states	that	the	area	on	the	northern	part	of	the	Central	Oyster	Grounds	
(1200	km2)	of	fine	(silty)	sand	contains	relatively	high	numbers	of	long	lived	
macrobenthos	species	and	is	characterised	by	a	high	species	richness,	and	that	the	area	
on	the	Frisian	Front	covers	the	central	part	of	the	gradient	including	the	core	area	with	
the	highest	amount	of	silt,	about	20%,	and	contains	relatively	high	macro‐	and	
megabenthos	biomass,	species	richness	and	species	density.	The	area	South‐East	of	the	
Frisian	Front,	of	coarse	and	medium	fine	sand,	runs	into	the	Frisian	Front	itself	and	
contains	relatively	high	amounts	of	megabenthos	biomass,	species	richness	and	species	
density,	but	as	such	is	situated	outside	the	limits	of	the	designated	Natura	2000	area.		
The	BD	should	illustrate	and	demonstrate	the	importance	of	the	selected	management	
areas	by	showing	maps	of	the	specific	distribution	of	biodiversity	and	habitats.		
It	is	remarkable	that	one	of	the	designated	Frisian	Front	management	areas	(the	smaller	
one)	is	merely	situated	outside	the	boundaries	of	the	Frisian	Front.	Furthermore,	this	
area	of	400	km2	is	fully	overlapping	with	the	plaice	box,	an	area	already	experiencing	
fishery	restrictions	aimed	to	protect	juvenile	plaice,	that	was	closed	to	large	beam	
trawlers	(>300	hp)	since	1995.	This	area	only	covers	one	"end‐member"	of	(physical‐
hydrographical)	conditions	characteristic	for	the	ecological	values	of	the	Frisian	Front,	
in	stead	of	the	entire	relevant	gradient	known	to	occur	in	the	Frisian	Front.	Therefor	this	
area	can	never	be	a	representative	of	the	Frisian	Front	as	a	whole,	and	can	never	replace	
the	other	areas.	
6.4  In what way have knowledge gaps and uncertainties been dealt with? 
Q2.	Risk	of	not	meeting	the	conservation	objectives	
ToR:	In	the	literature	review	the	possibility	of	significant	effects	will	be	related	to	the	
question	whether	the	delivery	of	the	Marine	Strategy	targets	will	be	jeopardized	in	
the	light	inter	alia	of	the	characteristics	and	the	specific	environmental	conditions	of	
the	site.	
With	the	long	history	of	fishing	with	heavy	bottom	contacting	fishing	gears	and	the	
knowledge	that	the	Frisian	Front	seems	to	be	subjected	to	a	regime	shift	the	recovery	
potential	of	this	area	for	those	species	that	heavily	suffered	from	intense	bottom	
trawling	remains	to	be	proven	after	long‐term	absence	of	anthropogenic	bottom	impact,	
which	is	a	matter	of	endurance	and	patience.	The	knowledge	on	the	(self‐)sustainability	
of	the	populations	in	the	area	is	lacking.	Of	some	long‐lived	species	the	densities	are	
nowadays	so	low	that	recruitment	from	within	the	local	stock	is	unlikely	and	these	
stocks	may	thus	fully	depend	on	import	of	recruits	from	elsewhere.		
For	the	Oyster	Grounds,	the	disappearance	of	the	oyster	beds	by	overfishing	(19th	
century)	also	led	to	a	habitat	modification,	which	may	be	irreversible	because	in	the	
present	situation	it	is	unlikely	that	oyster	recruitment	can	still	take	place	because	of	a	
	 52
lack	of	suitable	substrate	and	the	vulnerability	of	the	sediments	to	resuspension.	
Recovery	may	also	be	hampered	because	the	oyster	populations	that	are	stocking	the	
larval	supply	have	vanished	or	are	too	remote	from	the	Central	Oyster	Grounds.	
The	BD	correctly	points	out	that	there	is	a	lack	of	information	on	the	recovery	potential	
of	the	protected	areas.	As	a	consequence,	an	assessment	of	the	proposed	measures	with	
respect	to	the	achievement	of	the	conservation	objectives	over	short	term,	is	not	
possible.	We	conclude	that	this	leaves	a	high	degree	of	uncertainty	whether	the	
management	areas	have	been	properly	selected.	And	the	risk	of	prematurely	jumping	to	
conclusions	in	case	no	change	is	observed.	
As	mentioned	in	6.1	Q3,	the	intensity	of	fisheries	with	demersal	fishing	gear	appears	to	
be	highest	in	the	Frisian	Front.	Probably	this	area	has	more	favourable	conditions	like	a	
higher	production	and	a	lesser	water	depth,	but	also	due	to	its	geographical	location	
relative	to	the	main	fishing	ports	of	Den	Helder,	Texel	and	Urk.		
The	Frisian	Front	is	designated	as	SPA	for	common	guillemots	and	underlines	the	
importance	of	the	area.	Common	guillemots	benefit	from	the	presence	of	sprat	and	
herring	that	utilize		the	area	because	of	its	increased	(primary	+	secondary)	production.	
It	should	therefore	be	acknowledged	that	the	Frisian	Front	as	a	Bird	Habitat	area	is	
coupled	to	the	hydrographic	and	benthic	processes	in	the	area.	The	remarkably	high	
landings	of	sprat	by	Danish	trawlers	(from	the	area?)	give	rise	to	thoughts	on	possible	
adverse	impact	on	the	protected	guillemots.	The	Danish	fleet	targeting	sprat	(and	thus	
competing	with	the	food	of	Guillemots)(par.	7.2)	can	potentially	affect	the	status	of	the	
area	as	SAC	adversely.	
6.5  Does the BD give sufficient insight in the activity? 
Q3.	Literature	review	of	fishery	impact	
ToR:	The	literature	review	will,	inter	alia,	research	the	effects	of	bottom	impact	and	
bycatch	of	the	afore	mentioned	bottom	impacting	gears	on	the	targets	of	the	Marine	
Strategy	habitat	for	benthos.	The	effects	on	the	seabed	and	associated	species	will	
include	the	effects	on	fish	(target	and	non‐target	species),	benthos,	shell	fish	and	
other	bottom	dwelling	species.	The	research	will	also	focus	on	slow‐growing	and	
long‐lived	species	and	other	effects	on	the	food	web.	If	possible,	long	term	effects	will	
be	taken	into	account.	The	effects	on	typical	species	as	mentioned	in	the	Background	
Document	are	part	of	this	assessment.	
The	review	concluded	that	all	mobile	bottom	contacting	gears	have	a	negative	impact	on	
the	substratum	or	turbidity	and	thus	on	the	vulnerable	in‐	and	epifauna	and	on	the	
conservation	goals.	Effects	of	seabed	disturbance	by	bottom	contacting	fishery	were	
demonstrated	in	many	studies	and	comprise	increased	mortality	rates	for	non‐target	
species	(Bergman	and	Santbrink,	2000),	increased	scavenger	abundance	(Groenewold	
and	Fonds,	2000),	changed	food	web	structures	(Groenewold	2000,	Hinz	et	al.	2017),	
changed	size	distributions	(Van	Kooten	et	al.	2015),	and	reduced	abundances	
(Duineveld	et	al.,	2007).		
The	effects	on	typical	species	as	mentioned	in	the	BD	should	be	extended	to	the	
indicators	included	in	the	BISI	for	the	areas	Frisian	Front	and	Central	Oyster	Grounds.	
Q4.	Footprint	considerations	
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ToR:	In	the	assessment	of	the	effects	of	the	bottom	impacting	gears,	the	foot	print	
per	hour	fishing	of	the	gears	should	be	compared.	
For	a	comparison	of	the	footprint,	reference	is	made	to	Eigaard	(2015).	Within	each	type	
of	mobile	bottom	contacting	gear,	a	wide	range	in	configurations	of	individual	fishing	
vessels	is	possible.	Therefore,	a	more	realistic	comparison	of	footprint	can	only	be	made	
on	the	basis	of	realistic	fishing	effort	data	of	the	area.		
To	achieve	this,	it	is	relevant	to	also	document	the	gear	configurations	
6.6 Is the selection of activities considered in cumulation complete?  
Q1.		
ToR:	Do	impact	assessments	that	support	the	draft	proposal	for	the	Frisian	Front	
and	Oyster	Grounds,	include	an	assessment	of	the	cumulative	effects	before	they	
are	related	to	characteristics,	the	specific	environmental	conditions	and	
conservation	objectives	of	the	site?		
Shipping,	cables	and	pipelines,	oil	and	gas	extraction	and	oil	pollution	have	been	
considered,	beside	fisheries,	as	human	activities	in	the	management	zones.	Cumulative	
effects	of	other	activities	were	assumed	to	be	low	or	absent.		
In	terms	of	impacted	surface,	fishery	is	currently	the	most	important	activity.	The	other	
listed	activities	have	small	'footprints'.	This	may	change	in	future	if	the	area	used	by	
wind	farms	will	expand.	The	foundations	of	hard	substratum	around	the	individual	
turbines	are	relatively	small,	but	the	total	surface	covered	by	wind	farms	(often	with	
restriction	zones	for	other	use)	is	more	substantial.		
Although	the	relevant	cumulative	effects	have	been	included,	given	the	developments	
e.g.	in	offshore	wind	farms,	the	information	in	the	BD	needs	an	update	with	the	most	
recent	policy	documents	that	exist	for	activities	in	these	areas.		
A	description	of	current	and	planned	activities	is	given	in	the	Beleidsnota	Noordzee	
2016‐2021.		
Q2.	
ToR:	Have	other	plans	and	activities	been	included	in	an	assessment	of	cumulative	
effects?	
No	other	plans/activities	are	included	in	an	assesment	of	cumulative	effects.	In	the	near	
future	extraction	of	minerals	and	placement	of	windfarms	may	pose	additional	threats.		
Q3.	
ToR:	Have	‘external’	activities	taking	place	outside	the	borders	of	the	management	
zones,	sufficiently	been	taken	into	account	in	the	assessment	of	the	effects	inside	
the	site?	
In	the	draft	background	document	external	activities	outside	the	management	zones	
have	not	been	taken	into	account.	External	activities	might	lead	to	edge	effects	of	the	
management	zones,	and	as	such	diminish	the	effective	surface	area	being	protected.		
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6.7 Recommendations 
Description	of	typical	values	and	species	
Both	the	Frisian	Front	and	the	Central	Oyster	Grounds	are	lacking	the	presence	of	hard	
substratum	and	the	sessile	epifauna	that	depends	on	this.	The	Frisian	Front,	situated	at	
the	southern	edge	of	the	Central	Oyster	Grounds,	is	the	muddier	(15‐20%	silt)	of	the	two	
areas	and	is	characterised	by	a	high	primary	production.	The	bottom	fauna	consists	of	
relatively	few	species,	with	high	densities	of	certain	species,	whereas	the	deeper	and	
less	muddy	(5‐8%	silt)	Central	Oyster	Grounds	have	a	lower	density	and	higher	species	
diversity	of	the	benthic	fauna.	The	characteristic	benthic	fauna	includes	long‐lived	
molluscs,	burrowing	shrimps,	tube	worms	and	brittle	stars.	Especially	the	Frisian	Front	
can,	due	to	the	seasonal	high	productivity,	sustain	high	concentrations	of	pelagic	fish	
that	are	the	food	for	birds,	e.g.	Uria	aalge,	that	are	protected	under	the	Birds'	Directive	
in	the	Natura	2000	area	Frisian	Front.	
It	should	be	made	clear	in	the	Background	Document	which	species	list	is	used	to	assess	
the	impacts,	and	on	what	criteria	the	list	has	been	composed.	Supported	by	the	overview	
in	Table	3.1,	we	recommend	to	revise	Table	3	in	the	Background	Document	and	add	a	
clear(er)	rationale	for	the	applied	indicator	selection.		
Available	surveys		
It	appears	that	NIOZ	conducted	several	surveys	as	part	of	their	North	Sea	research	
program,	and	that	not	all	of	the	survey	data	have	been	analysed	or	reported	(pers.	
comm.	Rob	Witbaard).	It	is	worthwhile	to	investigate	if	new	relevant	information	can	be	
drawn	out	of	these	survey‐data.	There	is	more	but	yet	unpublished	data	from	ongoing	
surveys	(https://www.wur.nl/en/project/Impacts‐of‐pulse‐fishing‐for‐flatfish‐on‐the‐
ecosystem‐.htm).		
Status	of	the	Frisian	Front	and	Central	Oyster	Grounds	
The	benthos	communities	in	both	areas	show	a	disrupted	state.	In	the	Frisian	Front	a	
regime	shift	occurred.	The	population	of	the	surface	dwelling	species	Amphiura	crashed,	
while	the	population	of	deep	digging	crustaceans	(like	Callianassa)	increased	
impressively.	To	what	extent	the	supposed	regime	shift	as	presented	by	Amaro	(2005)	
is	caused	by	bottom	trawling	remains	unknown.	It	must,	however,	be	acknowledged	
that	community	changes	of	this	kind	can	also	result	from	changing	weather	or	climate	
patterns.	
For	the	Oyster	Grounds,	the	disappearance	of	the	oyster	beds	(19th	century)	also	led	to	a	
habitat	modification,	which	may	be	irreversible	because	in	the	present	situation	it	is	
unlikely	that	oyster	recruitment	can	still	take	place.	
We	recommend	that	the	BD	updates	the	current	state	of	the	bottom	ecosystem	of	the	
two	areas.		
Fisheries	intensity	in	the	Frisian	Front	and	Central	Oyster	Grounds	
Fishing	intensity	is	high,	especially	in	the	productive	Frisian	Front.	The	fishery	with	
beam	trawl	(TBB),	otter	board	trawls	(OTB)	and	paired	bottom	trawl	(PTB)	is	carried	
out	in	the	Frisian	Front	and	Oyster	Grounds	areas,	of	which	the	TBB	was	prevalent	in	
the	period	2005‐2011	and	occurred	especially	in	the	Frisian	Front.	The	category	TBB	
includes	also	the	new	techniques	such	as	pulse	trawl	and	sum	wing,	that	have	replaced	
the	traditional	beam	trawl	with	tickler	chains	to	a	large	extent.	The	Dutch	fleet	also	
	 55
operates	seines	(SSC,	SDN)	in	the	areas	but	to	a	lesser	extent.	The	effort	of	the	Dutch	
fishery	is	dominant	in	the	Frisian	Front	and	Oyster	Grounds,	but	the	landings	are	
dominated	by	the	Danish	fleet	(OTB).	
Impact	of	bottom	contacting	fisheries	on	conservation	objectives	
Demersal	fisheries	impact	conservation	objectives	on	benthos	via	damage	to	typical	
species,	its	habitat,	physical	changes	to	the	habitat,	smothering/increased	turbidity	and	
removal	of	the	species.	We	studied	the	impact	for	the	relevant	involved	fishing	gear	
types.		
Demersal	fishing	gear	on	soft	bottom	substrates	leads	to	removal	of	the	top	sediment	
layer,	ploughing‐raking‐smoothing	of	the	bottom	surface,	resuspension	and	
sedimentation,	potential	consequences	for	nutrient	exchange	processes	between	bottom	
water,	extra	oxygen	demand	water	column	by	resuspended	sediments	(organic	matter).	
The	damage	after	the	first	time	the	fishing	gear	interacts	with	the	seafloor	is	the	most	
impacting	(Hiddink	et	al.,	2006).	
Especially	species	living	in	the	upper	layer	of	the	sediment	are	sensitive	for	bottom	
contacting	gear,	e.g.	long‐lived	bivalves,	Leptosynapta	and	Amphiura	filiformis.	In	order	
to	assess	the	vulnerability	of	species	we	also	need	to	take	into	account	the	life	stage	but	
when	assessing	the	impacts	of	mobile	bottom	contacting	fishing	gear,	the	BD‐document	
does	not	distinguish	life	stage	of	characteristic	species.		
Van	Kooten	et	al.,	2015	found	that	in	particular,	the	trait	modalities	‘exoskeleton’	and	
‘predator’	are	more	abundant	in	fished	areas,	possibly	representing	a	shift	in	community	
composition	towards	more	mobile	scavenger/predators	and	species	which	are	
protected	against	damage.		
All	demersal	fishing	gear	has	a	surface	impact	(<	2	cm)	on	the	seafloor.	The	impact	of	
beam	trawl	is	very	high.	Compared	to	beam	trawl,	pulse	trawling	can	be	less	impacting	
but	its	effects	are	still	surrounded	by	many	questions	and	scientific	uncertainties	and	
studies	are	ongoing.	Compared	to	beam	trawl,	seine	fisheries	(Danish,	Scottish,	fly‐
shoot)	may	at	first	sight	appear	less	bottom	disturbing,	but	the	surface	footprint	is	
larger.		
Cumulative	effects	
Cumulative	effects	are	assumed	to	be	minimal.	All	activities	beside	extraction	of	
minerals	have	a	low	impact	on	fauna	and	abiota.	Activities	are	local	and	restricted	to	a	
limited	area	(Slijkerman	et	al.,	2013).	External	impact	of	activities	outside	the	
management	areas	have	not	been	considered.	
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